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Abstract 

Haematopoietic stem cells have been and will continue to be a source of mteresi to clinicians as 
well as cell biologists Haematopoietic stem ceils are the most well charactenzed adult stem 
cells ui humans There are different sources of Haematopoietic stem ceils like bone marrow, 
penphera! blood and umbilical cord blood, that are being clinically used for bone marrow 
transplantation Othei sources like embryomc stem cells and fetal liver stem cells are limited to 
the experimental settings 

Advances in tedmoiogy are luellmg interest in deveiopmg safer and better haemopoieUc stem 
cell transplantation procedures for hitherto incurable diseases Vanous stem cell banks and 
registries are coming m vogue for easy availability of these stem cells 

Simultaneous development and interaction of vanous technologies will allow invitro expansion 
of stem cells, which may enable better engraftment and faster post transplantation recovery 
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Genetic manipulation of these stem cells for corrective gene therapy is also another area of 
great future potential. 

Many people have demonstrated transdifferentiation of these hematopoietic stem cells tc 
various other tissue types like cardiomyocytes, nesaonal cells, etc. ITie use of these 
Iransdifferentiated hentatopoietic stem ceils may allow repair of damaged and degeaerated 
cells. 

(Key words: haematopoietic stemcelis/transpiantatjorJtraiisdifierentiEtion/exvivo expansion.) 

Int.rad«cfiGi'* 


A hematopoietic stem cel! (HSC) is defined as a cell with extensive self renewa.l 
and proliferative potential, coupled with the capacity to differentiate into the 
progenitors of all the bicod lineages, that iSj STythrocytes, neutrophils, eosinophil, and 
basophil granulocytes, mast cells, monocytes and macrophages, platelets B 
lymphocytes, T lymphocytes, natural killer cells, and dendritic cells, The concept of a 
HSC is not new to the hematologist For 50 year.s there has been a lot of debate o,s to 
the nature, number and restrictiveness in the differentiation capability of these stem 
cells. The monophyletic theory' predicted the presence of pluripotent stem ceils from 
which all differentiated blood cells arise, on the other hand the polyphyietic theory 
surmised the presence of multiple stem cells with restricted differentiation capability. 
Though initially there was a lot of disagreement between monophyletists and 
poiyphydetists, advances in modem cellular biology proved that neither was w'rong. 
There actually exists a hierarchy within the stem cell compartment, beginning with 
pluripotent stem cells^ to multipotent stem cells^. This hierarchy was established using 
development of monoclonal antibodies against tw'o categories of antigens which 
develop on the haematopoietic cells (i) Antigens that are maturity specific (i.e. TdT. 
HLA DR etc) (ii) Antigens which are lineage specific (eg. CD 33, CD 13 for Myeloid, 
CD45 for leukocytes, CD7] for erythroid lineage, CD42 for megakaryocytic etc). 

Antigens expressed on immature precursors of haemopoieiic cells drew more 
attention for the detection of HSCs; CD34 was found to be one such antigen and is 
now extensively used for enumerating, isolating and studying the properties of HSCs^. 
Development of flow cytometry with cell sorting techniques and development of more 
simple technologies to isolate haemopoietic stem cells'* were additional advancements 
in this field. Before we discuss any further we have to look into the fact why HSCs 
drew so much attention? From the beginning of the 20th century it became apparent 
that there are many diseases of the haemopoietic system where stem cells are 
defective or deficient eg hypoplastic anaemia, myelodysplastic syndrome, pure red 
cell aplasia etc. With the advent of the X ray machine, radioisotopes etc it also became 



haematopoietic stem cells 


197 


clear that radiation could damage the marrow and cause a picture like aplasUc 
anaemia In the early ^Os, laboratory experiments demonstrated that splemc shielding 
or intravenous admmisicration of mairow cells protected animals from lethal 
irradiation From 1960 onwards intensive research m this area faas lead to successful 
ailogsmc bone marrow transplantations^ Development of recombinant, lineage 
specific stem .ceil growth factois m pharmacological amounts and more potent 
atimunosupprsssive drugs mcludmg cyciosporm, FK - 506, Mycophenoiate Mofetil, 
Deoxyspergualm, *\ntilymphocytic globulin, Rapamycin improved the outcome of 
allogeneic bone marrow transplantaiion so that it became a climcai reality, lielpmg 
thousands of patients to live 

However, tliere were many more areas of biology, that needed to be developed 
before successful aliogemc hematopoietic stem cell transplantation (HSCT) could be 
done One of these was a better understanding of the urmumobiology of stem cell 
transplantation and tissue typing techniques These are interesting areas m their o^vn 
nght Since the 1990's with the availability of growth factors (eg G-CSF) and 
improvement m the technology of cell apheresis it has been possible to haivest an 
adequate number of •ranspiaiitable HSCs from a donor's penpheral blood^ without 
subject to an anaestlietic procedure and bone marrow harvest 'fhis has lead to an 
exponential increase in HSCT and to date abnost 2,00,000 allogeneic HSCT have 
been done worldwide 

Sources of HSCs: 

The traiisplantation of marrow to rescue patients from lethal radiation or 
chemotherapy or ro replace abnormal marrow has evob'ed over past three decades 
from an act of desperation administered to patients with end stage disease to an 
acceptable and m some instances, first-lme therapy administered early in the course of 
a vanety of malignant and nonmaiignant disorders Advances in the transplantation 
biology and supportive care have made the evolution possible and have helped to 
usher m the modem era of marrow transplantatioa 

A variety of sources are being utilized for the collection of HSCs for 
transplantation procedure These mclude bone marrow, peripheral blood especially 
following mobilization and umbilical cord blood. 

Bone marrow : 

Bone marrow has served as the traditional source of HSCs for transplantation The 
procedure for harvestmg the bone marrow from human donors was first described m 
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1970^ and has not changed significantly smce Marrow is aspirated from postenor 
iliac crests under either general or regional anesthesia m a stenle environment The 
cell dose required for stable engraftment has not been defined with certamty but the 
present recommended dose is as follows for an HLA matched siblmg and unrelated 
graft, a minimum total of 3x10^ nuclear cells per kilogram of the recipient's body 
weight, if allogenic marrow is to be T-Cell depleted or if an ABO imsmatch exists 
between donor and the recipient a minimum of 4x10* cells/kg is required, if tumor cell 
purging (usmg monoclonal antibody + complement CD34+ cell selection or 
chemotherapeutic agents) is Perfonned on an autologous harvest 6x10* cells/kg may 
be needed*’® 

Complications of marrow harvestmg Bone harvestmg is a safe procedure with 
itunimal nsk of complications A review of over 3000 records of histocompatible bcnc 
marrow donors by the International Bone Marrow Transplant Registr>^ and the 
Marrow Transplant team at Fred Hutchmson Cancer Research Center determmed that 
overall mcidence of life threatening complications associated with the hardest 
procedure was 0 27% and most of them attnbutable to the nsk of general 
anesthesial*®’” However all donors had pam at the site of han^est for several days 
postoperatively, though less than 0 5% of the donors expenenced pam persisting for 
more than a week or more 

Peripheral blood: 

HSCs circulate in the penpheral blood of normal mdividuals at extremely low 
levels However it is possible to mcrease the number of penpheral blood stem cells 
(PBSC) by usmg hematopoietic growth factors and or chemotherapeutic agents - 
termed as 'mobilization' 

A number of Hematopoietic growth factors have been found to be effective 
mobilizmg agents, mcludmg G-CSF, GM-CSF, IL-3 and thrombopoietin (TPO) 

The most common mobilizing regimen mcludes administration of G-CSF at 
lOug/kg/day, followed by apheresis on the fourth and fifth days’'* A vanety of other 
regimens are available usmg CSFs alone or m combination with chemotherapy Other 
growth factors have also been used m combination with G-CSF Stem cell Factor 
(SCF) or C-kit hgand has been found to synergize with G-CSF m mobihzmg CD34+ 
cells'^ Another cytokme Flt-3 hgand has been shown to mcrease the mobilization of 
HSCs in a time dependent manne r with G-CSF“ 

HSC mobilization was first descnbed as a procedure following myelosuppressive 
therapy” A variety of myelosuppressie chemotherapy regimens can mobilize HSCs 
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into peripheral blood Commonly used regimens mclude cyclophosphamide alone, m 
single dose of 4-7g/m2 or other agents like Adnyamycm, carboplatm, Taxoi, 
etoposide, ifosfamide, daunorubicm, cytosme arabmoside, 6- thiogaumne, either alone 
or m combination have been employed’*'^” The regimens mduce profound 
myelosuppression m patients, with white cell counts droppmg below 100 cells/mm^ 7- 
14 days after chemotherapy This is typically followed on days 10-21 by rebound 
mcrease of die circulatmg leukocjtes above baselme levels, which is also associated 
with an mcrease of HSCs m the penpheral blood Ideally, the patient's malignancy is 
sensitive to the chemotherapy, which also provides antitumour effect there by 
reducmg the nsk of mobilization of tumor cells Disadvantages of employmg 
chemotherapy alone for mobilization mclude the necessity to submit the patient to the 
potential side effect of myelosuppression, uncertamty regardmg optimal timmg for 
collection, wide vanability m the extent and duration of myelosuppression, and an 
maoility to predict the success of mobilization m a given patient 

Socm ki et al first demonstrated that admmistration of GM-CSF after 
chemotherapy' increased circulatmg CFU-GM’^ Many mvestigators have smce then 
reported that mobilization employmg a combmation of chemotherapy and followed by 
growth factor (GM-CS? or G- CSF) admmistration is more effective than either 
chemotherapy or growth factor aione'®’^'"^ The combmation typically results m a 50- 
75 fold mcrease m circulatmg CFU-GM, and 10-50 fold mcrease m CD34+ cells^*’^^ 

Though the optimal methodology for mobilization of PBSC has not been defined 
yet, the absolute number of CD34+ cells/ kg recipient weight has proven to be a 
reliable and practical method for determimng the adequacy of the stem cell product 
The optimal dose is controversial However most of the transplant centers have 
observed that stem cell content of more than 2x10® CD34+ cells/ kg result m rapid 
hematopoietic recovery^ The mmimum dose reqmred for hematopoietic engraflment 
has not been defined, but doses below 1x10® CD34+ cells/kg are madequate The 
speed of engraftment and the overall outcome also depends on the pnor chemotherapy 
and or radiotherapy received Patients exposed to pnor chemotherapy for more than 
24 months require higher doses of CD34+cells to ensure rapid engraftment (5 vs 
2xl0®/kg)“ 

The climcal sigmficance of the tumor cells m the autologous PBSC graft has 
generated lot of debate There is no doubt that an autologous PGSC graft contam 
tumor cells especially when detected by a sensitive techmque like PCR Hence 
methodologies to purge the PBSC graft of the possible tumor cell contammation have 
been designed These mclude ex-vivo treatment of the PBSC graft with the 
chemotherapeutic agents^® , monoclonal antibody and complement mediated methods 
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including positive selection of stem cells^'^ or removal of tumor celis^* Tliese 
techniques have res’ilted in reduced tumor burden and subsequent relapse rate m small 
studies^®'®, but there have been no prospective cluneal tnals assessmg the role of 
purging ui autologous transplantation 

Though role of PBSC m autologous settmg is well established its role m allogemc 
settings is yet to be established As this procedure obviates the need for general 
anestliesia and its associated risks, it is bemg increasingly used in allogemc settings 
The concern with Ihe use of PBSC m the allogenic settmg is that large numbers of T - 
cells ui die graft may increase the nsk of graft- versus host disease However despite 
large number of T cells m the graft, mitial studies have not shown an mcrease in the 
acute graft versus host disease^^’^^, but the incidence of chrome graft versus host 
disease may be highe^^ The relative meats of marrow versus G-CSF mobilized ?SSC 
m allogenic tiansplantation are currently being evaluated m randomized prospective 
clmicai tnals 

Umbilical cord blood 

1989 Gluckman stal fiist rspoited the successful use of umbilical cord blood 
(UCB) stem cells for transplantation m a child with Fancom's anemia^ Since then die 
potential of UCB as a source of HSC for transplantation rapidly became an area of 
intense clmical and scientific interest More than 1500 transplants have been 
performed till date using UCB as the source of HSCs 

Over last one and half-decade considerable progress has been made ra the 
understanding of the biology of the DCB HSCs It has been demonstrated that DCB 
contains a high proportion of primitive hematopoietic cells, mcludmg multipotent 
CFC s well as m vivo SCID lepopulatmg ceils, &an m adult Furthermore, m 

wtro studies have shown that DCB-denved HSCs possess higher proliferation and 
expansion potential than their BM counterparts^® It is a good source of stem cells for 
gene therapy It also has shown a potential for transdifferentiation^*"^ 

Cluneal results of UCB transplantation have been encouragmg It has some 
distmct advantages i) can be easily and rapidly procured 2) has a significantly low 
risk of infections like cytomegalo virus and Epstem-Barr virus, compared 1 iM 3) and 
no nsk of donor attntion with some potentiai advantages like 1) redreed nsk of 
GVHD 2) and the ability to eiqiand donor pools in targeted ethica' and recial 
mmonties currently underrepresented in all marrow donor registnes'*^'^^ 

However there are some potential disadvantages with umbilical cord blood as 
well 1) longer tune for neutrophil and platelet recovery predisposm^ patients to 
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increased nsk of infection and bleeding post tiansplant 2) msufBcient number of 
HSCs Imutmg it's widespread use m adriis 3) a lower nsk GYIffi mighr translate into 
higner nsk of relapse (due to reduced grafl versus leukemia efiect) 

Keeping ail these points in imnd coie blood collection and transplantation from a 
heaitii}' sibling donoi can be considered w'hen an cider child m tlie famil}- requires 
transplaxitation UCE should be considered allogenic transplantaaor is tlie 

treatoiem of choice for a cluld whe- does not have an Hi.A identical sibling donor oi s 
well-matched uni elated adult 'I'oluBleei donor 


E roiving techniques of HSCT 

Successful haeniopoietic stem ''di iiranspiantaiioii mvolves 

(a) A n.yeloabIative conditioning regimen 

(b) Adequate haemopoietic stem cell infusion 

(c) Taking adequate protection against bacterial, viral and fungal infection 

(d) Prophylaxis against Acute Graft -Versus- Host Disease (GVHD) 

is) Treatment of complications as they arise 

Each of these areas has undergone some changes over the last 3 years, so that 
startmg with a morbidity of 40-50?'(> in the first 3 months of transplantation many 
centers today report a 15-20% mortaiity for fEA matched sibling HSCT This 
improvement has come not through a quantum leap m any of the management areas 
but with better understanding of the engraftment process, together with anticipation 
and early management of the complications as a multidisciplinary approach 

Conditionmg regimens evolved from those contaming total body irradiation (TBl) 
to fractionated TBI and hyper fractionated followed by hybnd regimen 

containmg TBI and chemotherapy'** to totally chemotherapy'*^ The various types of 
regimen has allowed the clmician to select that is suitable regimen for a given patient 
dependmg on disease status, drug sensitivity, nature of the disease, type of 
transplantation etc, thus maximizing the patient's chance of achievmg a cure A recent 
addition to this advancement is the development of non-myeloablative regimens*®’^* 
usmg much smaller dose of TBI with or without fludarabm, cyclophosphamide, and 
antilymphocyte globulm etc m various combmations This kmd of regimen allows 
transplantation m elderly patients and as the marrow is not totally ablated recovery is 
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better although the nsk of GVHD is higher This development also substantially 
reduces the cost of the transplantation process 

Advancement in GVHD prophylaxis with cyclosporme, Mycophenolate Mofetile, 
FK-506, raparoycm etc has controlled acute GVHD to large extent so that Grade ill 
and rV acute GVHD which used to affect a substantial number of patients is now seen 
infrequently^^ Advances m prophylaxis agamst vanous infections like Herpes 
simplex, CMV etc, routme use of IvIgG and surveillance for CMV virus activation 
has also reduced this morbidity 

Enlarging Vistas of clinical application 

In late 1960 s early 1970 s when haemopoietic stem cell transplantation came into 
bemg as a clinical reality, its application was restricted to severe aplastic anemia and 
relapsed acute leukemia patients Subsequently its application was expanded to 
mciude vanous hematological and non-hematological disorders like high nsk acute 
leukemias, chrome myeloid leukemias, haemoglobmopathies mcluding thalassemia 
and other immunodeficiency disorders like severe combmed immune deficiency 
(SCID) Many inhented metabolic disorders like mucopolysacchandosis, 
mucolipidosis, glycogen storage diseases can be treated by HSC transplantation and if 
done sufficiently early can halt the progression of these diseases 

Mean while continuous research m the area of autologous haematopoietic stem 
cell transplantation showed that it can be used to treat vanous hematological 
malignancies after purging the autologous stem cells of tumor cell by usmg chemical, 
physical or immunological techniques^*’^’’^® High does chemotherapy and autologous 
hematopoietic stem cell transplantation have been employed with or without purging 
techmques to treat a number of solid tumors, with largest expenence bemg m breast 
cancer Autologous hematopoietic stem cell transplantation m metastatic and high risk 
stage n and IQ disease have shown improved survival compared to histoncal 
controls^^’^® Similar studies m other solid tumors like advanced germ-cell tumor and 
neuroblastoma also have shown better disease free survival 

In patients with autoimmune disorders who received stem cell transplantation for 
the treatment of another disease, improvement m the disease activity was observed 
which IS thought to be due to the effect of conditioning regimen on immunological 
system Early reports using Autologous HSC transplantation for the treatment of 
multiple sclerosis and other mtractable autoimmune diseases have been 
encouraging^®’®® However other reports have shown early recurrence or no benefit®' 
Hence further e-valuation is required, especially concerning the source of graft 
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(allogenic versus Autologous), preparative regmien, and die requirement for and 
extent of T-cell depletion m the autologous settmg 

Ex-vivo expansion of HSCs 

Over the last decade there have been several attempts to expand the stem cell 
number in vitro'^^’“ using vanous C 3 l.okme cocktails, Culture techmques and concept 
of modem Biotechnology 

However till date a fool proof method of expandmg stem cell number, keeping its 
i riiiial biological properties mtact have not been obtamed This does not mean that it 
Will never be possible to achieve our objective mvitro** The very fact that the same 
operation goes on m vivo i e inside every human body suggests that we have not got 
the conditions right Either we are not usmg the appropnate cocktail of growth factors, 
in the correct amount and in nght sequences or, more likely, we are not able to create 
the required cellular microenvironment in vitro The stem cell requires a proper 
supplymg structure (le Ground substance, type of collagen and other adhesion 
molecules) to make the stem cell proliferate without understandmg their journey 
towards the path of differentiation Development of modem polymer sciences and 
molecular biology and cell culture technologies will eventually allow us to develop 
tlie haematopoietic Inductive microenvironment to support stem cell proliferauon m 
an mdustnai scale m the same way as we produce vanous microchips todayi And 
once we achieve this, the ability to supply HSCs as per requirement may be possible, 
though not necessanly at a cost, which is affordable to all 

HSCs as a target for gene therapy 

Smce the first replication-defective retroviral vector was descnbed m 1983, 
oflfenng safe and effective route of transfer of exogenous genes to non-transformed 
human cells®^, hundreds of clmical trials of gene therapy have been imdertaken. 
Laboratory and clmical hematologists have been critical to the development of gene 
transfer technologies, studying diseases, which are obvious and early targets for 
corrective gene therapy HSC are attractive targets for gene therapy as they are readily 
available from autologous sources, mcludmg peripheral blood and cord blood at birth, 
they can be relatively easily mampulated ex-vivo and they have a good proliferative 
potential Large number of disorders includmg leukemias and other cancers, infectious 
diseases, and a broad list of geMtic diseases may be responsive to gene alteration of 
HSC and their progeny^’*^^. However very few gene therapy trials using HSCs have 
shown unequivocal benefits tiU date, one being on children with (SCID) treated with 
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autologous bone marrow modified to cany corrective gene®* and other one being on 
patients with Adenosme Deaminase (ADA) - deficiency SCID®® However two major 
adverse events appear to be direct result of the transferred gene reported have resulted 
in the temporary halt of all the tnals™ Hence though this field of gene therapy has 
promismg future, we still have a long way to go m this direction 

Concept of transdifferentiation a new paradigm in stem cell biology 

It was a dogma m biology that once plunpotent stem cells have made the decision 
to develop down the Ime of haematopoeitic differentiation Imeage then it is not 
possible to make these cells differentiate towards another differentiation pathway i e 
liver cells, neural cells etc However this dogma has now been challenged from some 

72 73 74 

of the clmical and experimental evidences ’ ' 

The ability of human progemtor cells denved from bone marrow to generate 
nonlymphohematopoietic tissue has been studied in allogemc sex-mismatched 
settmgs The imtial studies were from Horwitz and colleagues^® who claimed dial 
stem cells derived from bone marrow led to improved osteogenesis m children with 
osteogenesis imperfecta Subsequently two groups independently reported che 
presence of donor cells that were positive for Y chromosome m liver tissue after male- 
into-female bone marrow transplantation’®’®^^ Indications that circulatmg stem cells 
can contnbute to the formation of solid organ tissue denve from studies of solid-organ 
transplantation Quaim et al’* and Muller et al’® have reported male chimensm m heart 
allografts from female donor 

This process of transdifferentiation has now attracted tremendous attention 
because of its potential application m diverse clmical situation like myocardial 
revascularisation, penpheral vascular diseases, generation of cardiomyocytes m the 
event of loss of heart muscles leading to severe congestive cardiac failure, generation 
of neural tissue m Parkmson's disease, Alidieimer's disease, pancreatic p cells m 
certam subsets of diabetics etc However though the observations that organ-specific 
cells onginatmg from circulatmg blood colomze sohd organ tissues suggest that tissue 
repair may be feasible, for it to become a potential clmical reality we require three 
conditions First, the concentration of the stem cells at the site of tissue regeneration 
must be sufiScient, which may be achieved by either cytokme mobihzation or by 
direct delivery of these cells to the site of mjuiy Second, appropriate signals from the 
site of damaged tissue must direct exogenous stem cells to differentiate mto tissue 
specific cells and third, these differentiated cells should survive for sufficient penod 
and acquire the function of the particular organ 
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Marriage of cell technology and molecular biology 

Continued improvement in HSCT not only reqmres a multispecialty approach but 
at basic levels it mvolves a mamage of cell technologies and techmques of molecular 
biology Already in the area of cell technology, it is possible to isolate different types 
of cells 1 e stem cells and others from marrow or penpheral blood usmg different 
immunological techmques^’ These techiuques allow functional cells to be separated 
and kept as such Improvement m cryopreservation allows the stem cells to be frozen 
for indefimte penods For unrelated and related stem cell transplantation using 
molecular HLA typmg to closely match the donor- recipient pams Vanous molecular 
technologies to diagnose Chunensm, viral (CMV) infections are now routmely used 
The next level of advancement will reqmre the use of molecular techmques to develop 
desired direction of unmune modulation following stem cell transplantation*® This 
may mvolve usmg a patterned pulse of cytokme cocktails or modify the dendntic cells 
from the donors usmg a synthetic peptide or segment of DNA, which is presumed to 
be carrymg disease Molecular biological techmques and information from human 
genome project is mcreasmgly being employed to develop gene products, which could 
be useful m stem cell modulation and post transplantation reconstitution of vanous 
stem cell compartments as fast as possible Quick immune reconstitution is a necessity 
for successful stem cell eillograflmg Fusion of technologies may allow development 
of hybnd growth factor or cytokme molecules with several desirable attnbutes 
Development of PI x 4321 which was hybnd molecule between GM - CSF and IL-3 
IS an earlier and relatively unsuccessful attempt m this respect 

Demand and Supply of haemopoietic stem cells 

As the safety of the haemopoietic stem cell transplantation improves with the 
improvement of technologies and graded levels of Chunensm m a balanced state 
becomes achievable with the capability of transdifferentiatmg a haemopoietic stem 
cell on the clmically desirable trans differentiation programme, a totally new era of 
haemopoietic stem cell transplantation will enter 

In the wake of this revolution, several problems and challenges will also be 
tackled One of the major problems will be demand versus supply of these stem cells 
and entry of market economics m this area with possible erosion of ethical values*^ 
The ways by which the exponentially mcreasmg demand could be achieved are 

(a) Establishment of more stem cell registries allover the world in the same way 
as voluntary blood donors have been recruited 
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(b) Development of technologies to isolate adequate number of such cells from 
the donated blood units (At present this is not possible but successful stem 
cell transplantation was possible using a liter of donor blood) 

(c) Using umbihcal cord blood as a source of haemopoietic stem cells 

(d) Usmg aborted fetuses as source of stem cells (Fetal Liver) 

(e) Usmg super numerary embryos as a source of pluripotent and totipotent stem 
cells 

These embryos are obtained from hospitals, clinics and laboratories involved 
m assisted reproductive techniques 

(f) Techniques of Ex-vivo expansion of stem cells with maintenance of its 
mitial properties 


Stem cell banks - the future 


It seems today that in near future the stem cell bank is the way forward An 
immediate apphcation will be in the form of stem cell banks involvmg umbilical cord 
blood cells Several such banks*^’*^ are already m existence but their number needs to 
increase enormously Umbilical cord blood stem cell ba nk s will be the most cost 
effective banks in the present scenano HSC donor registry has the advantage that this 
registry remam m Silico hence cost wise it is relatively cheaper to maintam However 
adult donors may not always be traceable and even when tiiey are traceable they may 
not like to donate stem cells when the need anses Hence m effect only 1 in 5 - 10 
donors are realistically available for haemopoietic stem cell transplantation In our 
present level of technology when unrelated stem cell transplantation is contemplated, 
best results are obtamed when total HLA match between the donor and the recipient is 
possible However for umbilical cord blood stem cells one or two HLA antigen 
mismatch gives smiilar results to that of total HLA match hence applicability of cord 
blood ston cells are likely to be more 

Moreover as said previously cord blood stem cells are immediately available and 
availabihty to the recipient is not dependant on the whims and fancies of the donor If 
these stem cell banks store different vaneues of stem cells and undpitaire Invitro 
eiqpansion programme and later upgrade their capability to stem cell directed gene 
therapy programme then these stem cells banks will be the foundation for a totally 
different kmd of future in b^otherapeutics 
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Conclusion 

Thus the concept of HSC has now come full circle From monophyletic- 
polyphyletic dualistic to modem hierarchy of the stem cell balancmg all the 
contrastmg views Advances m cryobiology, biotechnology, molecular biology, tissue 
engineering and in vitro cultivation techmques have allowed these stem cells to be 
collected, preserv ed, altered to smt our choice, expanded ex vivo and used for various 
chmcal purpose of tissue engmeermg and repair Modem biology has also challenged 
the old paradigm that HSCs can only produce haemopoietic cells (i e differentiated 
haemopoietic cells like eiythroid, myeloid, Ijraphoid and cells of megakaryocytic 
lineage) by demonstratmg then capability of trans differentiation to other type of cells 
e g neural, hepatic, muscle, and endothelial cells m response to different 
environmental stimuli It is this trans differentiation capability of these cells that is 
fiiellmg Airther imagination m stem cell research and enlargmg its vistas of clmical 
applicatic to various non hematological disorders like ischaemic heart disease, 
Parkinson's disease, peripheral vascular disease to name a few In future stem cells 
and cell lines obtamed from them can be used to study drug toxicity and will also 
allow a transgene expression if properly mampulated in the not too distant future it 
may be possible to expand the stem cells m artificial enviionment and make them 
differentiate into desired Imes like RBC, WBC etc Hence artificial development of 
stem cell culture and differentiation may allow us to dev^elop red cells m vitro with 
rare blood groups for transfusion 

These stem cells are also likely to be a suitable vehicle for innumerable ex viv'o 
gene therapy protocols m future with promise to cure many hitherto mtractable 
genetic disorders 

Stem ceil research may be suitably integrated mto the emergmg subject of 
genomics Genomics is the entire process of developmg gene based therapies and 
dmgs starting from sequencmg to analysis and mterpretation leadmg to drug 
development 

HSC usage, particularly m the area of corrective gene therapy is an evolvmg field 
Though early success m some of the diseases have been recorded, development of a 
lymphoproliferative disorder m one such patient after corrective gene therapy m 
immunodeficiency have mtroduced an element of caution m this field Haematopoietic 
stem cells with its counterparts of other kmds of stem cells for therapeutic purposes 
are emergmg as an area of regenerative medicme The progress m this area may be 
slow but It is mexorabie. We have still may things to learn from the biology of stem 
cells Our tools of gene mampulation for HSCs are still very crude and needs 
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considerable refinement Graft versus host disease remams a formidable problem for 
allogenic HSC therapy A patient with severe graft versus host disease often may 
wonder whether his/her onginal disease was betteri We need a better understanding 
and therapy to control this condition 
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Abstract 

A- and B- types of cells are uniformly distnbuted m the large 'prmcipal' islet of Barbus 
conchonius Conspicuous degranulation and degeneration of B-cells were observed, followed 
by regressive changes m A- and B-cells and vacuolization of the islet, after treatment with 
msulm A sigmficant hypoglycemia 8 hr post mjection was observed Ammo mtrogen, free 
fatty acids and orgamc PO 4 were notably depressed at time mtervals vaiymg 2 8 hr after msulm 
treatment There was sigmficant, yet recoverable, reduction m blood cholesterol level The 
glycogen m liver and skeletal muscles registered an mcrease above control levels Most fish 
were able to recover from msulm shock and vanous parameters returned to normal levels 
usually withm 48-72 hrs The response of islet cells is m correlation witli the metabolic 
alterations m the tissues, and loss of secretory granules appears to be a secondary feature The 
results suggest that even heterologous msulm is remarkably effective m this species 

(Keywords prmcipal islet/ msulm/ hypoglyceima/degianulation/ hypoammoacideima/ 
hypocholesterolemia/ FFA/orgaruc PO4) 

Introduction 

The endocnne component of the pancreas m several teleosts consists of one or 
more macroscopicaUy visible prominent nodules of tissue, called the 'prmcipal' islets, 
that are more or less segregated from the exocrme part This has been called the 'islet 
organ' m the eel, Anguilla rostrata, due to its distmctive features' Usually, several 
smaller accessory islets are also present m the mesentery Role of islet cells m blood 
glucose regulation of fish and functional sigmficance of the cellular components have 
been studied by some mvestigators^'^ A pemsal of the literature reveals that msulm 
affects serum glucose levels m teleostean fishes*'*^ and that it may promote protem 
synthesis'^"''' Bovme msulm causes a reduction m the plasma free fatty acids and 
phospholipids, but its effects upon tissue glycogen level are vanable® In the present 
investigation, histo-palliological alterations m the islet cells and metabolic changes m 
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the tissues of B conchomus have been studied to see how far the heterologous insulin 
IS effective m this cypnnid fish as compared to the air breathmg teleosts studied 
eaulier 


Material and Methods 


Adult Barbus conchomus, weighmg 4 5-5 g, were obtamed from Naimtal lake and 
acclimatised to laboratory conditions for two weeks prior to use at 18±1‘’C water 
temperature and natural photopenod Fish were divided mto groups forrnmg 
expenmental and control animals Mammalian msulm (Boots Pure Drug Company 
(India) Ltd , Bombay) was mjected mto the epaxial musculature at two dose levels, 
200 and 400 lU/kg body weight The control fish received 0 58 % salme m place of 
the hormone Details of expenmental procedures have been descnbed earlier®”'^ At 
autopsy, pancreatic islets were carefully removed firom the expenmental and control 
fish, fixed m Helley's flmd or mercuro-formol, and stored m 70% alcohol Sections 
were cut at 5-6 pm and stamed m aldehyde fuchsm (AF), phosphotungstic acid- 
hematoxylm (PTAH), Azan stam (after pre-oxidation), and Victona blue-acid fuchsm 
Blood and tissue samples were taken (n=10) at the predetermmed mtervals accordmg 
to the expenmental protocol The blood glucose, cholesterol, free fatty acids (FFA), 
organic PO4, ammo mtrogen, and liver and skeletal muscle glycogen were estimated 
photometncally’^ Sigmficance of difference between the control and expenmental 
mean values was calculated by Student's t test 

Observations 


Histomorphology 

Pancreas is a diffused structure and its exocnne acim are scattered in the 
mesentery over the surfece of the mtestinal bulb and coils of the mtestme The 
pnncipal islet is m the form of a small, whitish body close to the bile duct on the 
surface of the mtestmal bulb (Fig 1) In addition to it, a few small accessory islets are 
also present on the dorsal surface of the bulb The pnncipal islet is roimd or oval m 
shape and is surrounded by connective tissue layer Two cell types. A- (= a cell) and 
B- (= p cell) can be distmgmshed in the parenchyma on the basis of selective granule 
staimng and morphological characters (Fig 2) Both the cell types are distnbuted all 
over the islet m almost equal proportion and no spatial allocation is possible The B- 
cells are elongated, polyhedral m shape and possess a slightly oval nucleus lymg m 
the middle of the cell These cells are strongly positive to AF stam (Fig 2) but are 
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negative to PTAH, Azan and silver stains The cytoplasm contams fine secretory 
granules, and the cells are commonly seen surroundmg the blood capillanes 
throughout the islet tissue m the normal as well as control fish 



Fig 1- Dorsal View of the digestive tract of5 cowcAonius, showing 
principal and accessory islets 


The A-cells are of vanous shapes and size, and are scattered throughout the islet 
They are stamed with PTAH and Azan, after preoxidation (Figs 3,4) Each cell has a 
round nucleus placed eccentncally When stamed with Victoria blue-acid fiichsm, B- 
cells become blue while the A-cells are acid fuchsm positive No other cell type could 
be identified m the pnncipal islet of this fish 

Effect of insulin treatment on Islet cells 

Fish mjected with 200 I U/kg b wt insulm showed only a mild degranulation of a 
few B-cells dunng the first 2 hrs With the higher dose-( 400 I U/kg b wt ) a number 
of B-cells were depleted of granules at 2 hrs After 8 hrs of the higher dose, 
regressive changes m the B-cells were qmte apparent (Fig 5) Cellular boundaries 
became indistinct and the islets showed vacuolation The islet exammed after 48 hrs. 
of treatment showed degeneration of B-cells along with mtercellular vacuoles The 
islets of salme mjected control fish had normal A- and B- cells(Fig 6) 
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Fig 7“ Effect ofinsulm on the blcxxi glucose and amino nitrogen of B conchomus 



Part of an islet showing AF-positive B-cell. 900X 

Part of an islet showing PTAH-positive A-cell. 900X 

Part of an islet showing azocarminopliilic A-celL OX-azan stain. 900X 

Islet cells after 8h of insulin (400 1 U/kg b. wt.) AF-stain, showing degranulation of B-cells. 

900 X 

Part of an islet of the control fish, showing normal A- and B- cell. AF -stain. 900 X 
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Effect of insulin on metabolites 

Insulin at lower dose evoked significant, yet recoverable, hypoglycemia begmiung 
at 1/2 hr and the maximum reduction occurred at 8 hr post-mjection (p<0 05) The 
higher dose caused sigmficant depression (p<0 05) m glycemia between 5-18 hr post- 
insulm mjection However, euglycemic state was restored after 48-72 hrs (Fig 7) The 
hypoaimnoacidemia occurred at 5-8 hr after msulm injection The higher dose elicited 
a sigmficant fall (p<0 01) at 8 hr, followed by recovery to near control values (Fig 7) 
A notable nse (p<0 05) m both liver and skeletal muscle glycogen was recorded 
following msulm treatment (Fig 8) However, the mcrement was rapid but short lived 
m the liver, and prolonged, albeit delayed, m the skeletal muscles 

The changes m the lipid profile m the blood of msulm treated fish are depicted m 
Fig 9 (a, b) Insulm caused hypocholesterolenua, which became apparent withm 1/2 
hr and persisted upto 18 hr post-treatment, when the drop was sigmficant (p<0 05) 
Both the ’oses of msulm mduced almost parallel fluctuations m the cholesterol level 
(Fig 9a) The orgamc PO4 levels, representmg mainly the phosphohpids and 
phosphoprotems, were slightly depressed at 1/2 hr and a gradual fall resulted m a 
significant reduction (p<0 05) 8 hr post-mjection Fish recovered from this depression 
towards the end of the expenment (Fig 9b). Concomitant with the reduction m other 
lipid metabohtes, the FFA content also decreased m response to msulm treatment 
Although the lower dose failed to elicit a notable decrease the fall was sigmficant 
(p<0 01) between 2-8 hr subsequent to admimstration of the higher dose This was 
followed by rapid recovery at 18 hr post msulm mjection (Fig 9a) The treated fish 
exhibited symptoms typical of msulm shock, often comcidmg with maximum 
hypoglycemia 


Discussion 

Pancreas m B conchomus is a diffused structure and its endocrme part exists as a 
large 'prmcipal' islet, along with small accessory islets as reported m several 
teleostean species'’ These islets have been extensively used m hormone research, and 
biosynthesis of somatostatm was possible using catfish islets'® Cytological studies on 
teleostean islets have been conducted by several investigators®'® and different cell 
types usmg different names, have been reported m various species'’ However, some 
of these cells are possibly immature or developing stages of others Studies based on 
immuno-chemistry and electron microscopy has yielded considerable information, and 
for the sake of uniformity cells of the islets are designated as A-, B-, and D- type The 
agranular cells have been found to be immature precursor of granulated cells 
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Moreover, all the cell types may not be found m the same islet In B conchomus, only 
two types A- and B-ceUs have been found in the principal islet Whether any other 
type of cell is present in an accessory islet of the fish needs fiirther study 

Localisation of the cell types withm the principal islet vanes from species to 
species In general, the B- and D-cells are concentrated m the central part of the islet 
while the A-cells are more numerous towards the penphery as m Cottus scorpius^, 
Gadus collanas^^, and Channa punctatus^ In Conger japomcus, A-cells form several 
layers at the penphery of the islet, followed by B-cells contauung a few D-cells, and 
finally the central part is occupied by a fourth cell type^“ The daddy sculpm Cottus 
scorpius has two prmcipal islets of equal size, the islet near the spleen contains A-, B- 
and D-cells but no F-cells, whereas the pylonc islet contains all the four cell types^^ 
In B conchomus, only one pnncipai islet is present, and A- and B-cell types are 
scattered umformly throughout the islet, with B-cells more concentrated round the 
blood smusoids As regards their functional sigmficance descnbed m the available 
literature, the B-cells are known to be the source of msulm, the A-cells have been 
associated with glucagon secretion, while the D-cells are believed to secrete a third 
pancreatic hormone, somatostatm^^ 

Degranulation of B-cells has been observed m some air breathmg teleosts after 
treatment with mammalian uisulm^^’^'* B conchomus a cypnmd, also exhibited a 
similar response to msulm The damage to B-cells is possibly due to inhibition of 
endogenous msulm secretion m response to the admmistration of excess of exogenous 
hormone Many A-cells are also degranulated due to excess secretion of glucagon to 
suppress the effect of exogenous msulm Similar observations have been made m a 
catfish, Clarias batrachus^ A distmct but somewhat delayed hypoglycemic action of 
bovme and mammalian msulins admmistered exogenously to some species of air 
breathmg fishes is reported m the literature*"'^ The observations on the histology of 
islet cells and alterations m the metabolites of B conchomus as descnbed above, 
suggest that tbs species exbbits an earlier and better response to treatment of 
mammalian msulm 

Appearance of hypoglycemia and its duration m fishes seems to depend upon a 
number of factors, and some fishes are even unresponsive to bgh doses of msulm 
over a long penod of tone” B conchomus species dso requires relatively bgh doses 
of msulm to evmce hypoglycemia and one of the reason of the meffectiveness of 
lower doses could be the considerable differences, both immunological and molecular, 
that exist between mammalian and piscme insulins, wbch consequently may reflect 
upon their biological properties Other factors, wbch affect msulm action m fishes are 
dose and route of admimstration, biological half life, msulm antagonists, ambient 
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temperature, the resting blood glucose related to mobility, and phylogenetic position 
of the fish®’“’■^^ 

Effect of insulin on glycogen stores in liver, skeletal muscles brain and 
myocardium is often variable and contradictory^®’^’’^*. The notable rise in both liver 
and skeletal muscles glycogen in B conchomus seems to be insulin mediated and the 
anabolic effects of the hormone, in this respect, is clearly demonstrated. It was 
interesting to note a rapid but short-lived increment in liver glycogen in contrast to the 
rise in skeletal muscle glycogen that persisted for longer duration It is difficult, 
however, to draw a temporal relationship between hypoglycemia and rise in glycogen 
levels, since hypoglycemic nadir did not quite match with the glycogen peaks. 
Further, a prolonged hypoglycemia in this species can hardly be explained by a 
transient increase in glycogen in muscles or liver, and it is possible that this 
phenomenon is due to conversion of glucose into lipids. 

The role of insulin in protein metabolism in fish is not completely known and the 
limited data that are available suggest that metabolic role of this hormone is similar to 
that reported in mammals^’’^° As reported in other teleosts", insulin caused 
significant reduction in amino nitrogen in B conchonins The hypoaminoacidemia 
observed in B conchomus may be related to uptake of plasma 'free amino acids for 
incorporation into proteins since protein synthesis and distribution of .free amino 
acids is under control of insulin in fishes^. 

In common with the responses of Carassius auratus, scorpion fish and the seabass 
to bovine insulin, B. conchomus also exhibited depressed FFA levels, the maximum 
reduction occurring at 2-8 hr post-insulin injection. However, m the pike, Esox lucius, 
bovine insulin failed to evoke any change in plasma FFA while a similar dose of 
codfish insulin caused an immediate and significant reduction of FFA, 1/2-9 hr after 
injection^*. The organic phosphorous, representing the phospholipids and phospho- 
proteins, registered a decrease in B. conchonius paralleling the fluctuations in plasma 
FFA levels, and the maximal drop occurred at 8 hr post-injection in both these indices 
Almost similar findings have been reported in the goldfish Carassius auratus, 
subsequent to bovine insulin^^. In B conchomus, however, lipid profile was notably 
altered following insulin injection, and as such the role of this hormone in controlling 
lipid metabolism, at least in this species, cannot be overlooked 

Cholesterol showed significant and prolonged decrease in the species examined. 
Thus a situation akin to that obtaining in mammals is demonstrable in this fish 
Similarly in the eel, Anguilla anguilla, codfish insulin lowered plasma cholesterol 
level at 6 hr whilst bovine insulin was ineffective^^. The pike also failed to exhibit 
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hypocJiolesterolemia with insBlm alone but when injected with a glucose load, the 
plasma cholesterol fell sigmficamly” Insulin, therefore, seems to exert greater effect 
on Iipid metabohtes in the presence of excess carbohj^drate although possible reasons 
for this are unclear 

The differential effects of insulms of wide phylogenetic ongm are well 
established from studies m p^e”"^' and goldfish^^ Moreover, a vanation m the ratio 
of cell types and consequently in the islet hormones related to age and sex have also 
been reported'^ The use of heterologous insulm in B conchomus necessitated 
administration of pharmacologicaliy high doses of the hormone Thus this study 
shows that the response of cellular components to insulin is similar to mammals, and 
despite evolutionary changes in the ammo acid sequence of msulm molecule u: the 
vertebrates, the hormone promotes glucose utilization, positive nitrogen balance aid 
hpogenesis As such, B conchomus can be effectively used as an expenmental animal 
for further studies 
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Abstract 

Examination of the stools of 412 Libyan and 1783 non-Libyan nationals residmg m Benghazi, 
Libya, during September, 1999 to August, 2000, revealed that 13 8% of the former and 15 7% 
of the latter contained the trophozoites and/or cysts of some of the nme mtestinal protozoan 
parasites m them These parasites were 1 ) Entamoeba histolytica, 2) E dispar, 3) E cob, 4) E 
hartmanm, 5) Endolimax nana 6) lodamoeba butschlii, 7) Giardia lamblia, 8) Chilomastix 
mesnili, and 9) Blastocystis hominis The proportions of positive cases between the two 
nationals did not show any sigmficant difference Detailed observations were made on the 
single and concurrent parasitic occurrences among these nationals The importance of adopting 
preventive measures to control the spreading of these parasites is stressed 

(Keywords . mtestmal protozoan parasite / Libyan and non-Libyan / smgle and concurrent / 
trophozoite and cyst / stool) 

Introduction 

Population movement has beep cited as one of the major factors for spreading the 
parasites worldwide\ The dpidemiological pattems of parasite diseases in a 
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developing country like Libya are further complicated by the amval of large numbers 
of migrant workers ieadmg to destabilizmg effects of the normal pattern of disease 
transmissions in order to test this hypothesis, studies were conducted durmg the 
period September, 1999 — Amgust, 2000, on 2195 Libyan and non-Libyan nationals 
residing m Benghazi, Libya, and their stools were examined to detect the occurrence 
of trophozoites and/or cysts of mtestmal protozoan parasites m them Only sporadic 
mformation^^’"* is available on the mtestmal protozoan infection m Benghazi and these 
were confined on the school children of the region The objectives of the present study 
were to find out the occurrence of mtestmal protozoan parasites among these 
nationals, and the percentages of positive cases among them having single or 
concurrent parasitic occurrences 

Materials and Methods 

The different nahonais (age 15-45 years) whose stools were examined, were 
divided into 1) Libyans, who were settled for generations m Benghazi, and 2) Non- 
Libyans, who were residmg m Benghazi for the past 3 to 5 years Majonty of aon- 
Libyans (>60%) hailed from the neighbormg countries of Libya, and the rest from 
sub-Sahara, South and South-east Asia and East Europe Out of the total 2195 
nationals whose stools were randomly selected and examined m the present study, 412 
were Libyans (308 males and 104 females) and 1783 were non-Libyans (1581 males 
and 202 were females) Fresh stools of non-sick nationals from both groups were 
procured twice a week from the Central Medical Laboratory, Ben^azi, in clean, 
numbered plastic contamers Personal details mcluding name, age, sex and nationality 
were recorded for each satnple The stools were homogeneously mixed and directly 
exammed on the same day of collection for trophozoites and/or cysts of protozoan 
parasites employing the techmques of 1) direct smear examination by the use of both 
normal salme solution, and Lugol's lodme solution^, and 2) Zinc Sulphate centrifuged 
floatation technique®, and were identified using the keys and descnptions’ 

Results and Discussion 

The stools of 13.8% Libyans (57 out of 412) and 15 7% non-Libyans (280 out of 
1783) were found to contain the trophozoites and/or cysts of one or more of nme 
intestinal protozoan parasites. These were 1) Entamoeba histolytica (cyst), 2) E 
dispar (cyst), 3) E coli (cyst), 4) E hartmami (cyst), 5) Endolimax nana (cyst), 6) 
lodamoeba butschlii (cyst), 7) Giardia lamblia (trophozoite and/or cyst), 8) 
Ckilomastix mesmh (trophozoite), and 9) Blastocystis hominis (cyst) E. histolytica is 
pathogenic causing intestinal amoebiasis, whereas E dispar is non-pathogenic. The 
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cysts of E histolytica and E dispar were clubbed together as E histolytica/E dispai 
m the present study since it was difficult to differentiate the cysts of the former from 
those of the latter G lamblia was the other pathogemc parasite causmg intestmal 
g iardtasifi m human beings Regardmg B homnis, whether it is a pathogen oi a 
commensal is still not clear All the remammg fire parasites (E coh, E hartmanni E 
mm I Bulschln and C mesnili) were non-pathogemcs The normal tests comparmg 
the positive cases between Libyans and non-Libyans did not show any sigmficant 
difference (d = -0 05, the cntical value of d = ± I 96, sample value falls within the 
acceptance region) 

The percentages of positive cases of Libyans and non-Libyans havmg smgle or 
concurrent occurrences of trophozoites and/or cysts of mtestmal protozoan parasites m 
their stools are presented in Table 1 

Rega"dmg smgle parasitic occurrence, more than 50% of positive cases of 
Libyans , id non-Libyans recorded the cysts of E histolytica/E dispar, 12 3% 
Libyans and 16 8% non-Libyans the trophozoites and/or cyst of G lambba, and 
10 5% and 5 4% of Libyans & non-Libyans respectively had the cysts of E nana in 
their stools The percentages of Libyans havmg the cysts of E cob and the 
trophozoites of C mesnili m their stools were 3 5% and 18% respectively, whereas 
the percentages of non-Libyans havmg the cysts of E hartmanni, I Butschbi, B 
hommis and E cob m their stools ranged from 0 4% to 2 9% 

Among the concurrent parasitic occurrences, 14% Libyans and 8 6% non-Libyans 
contamed the combmation of the cysts of E histolytica / E dispar + E cob, and 1 8% 
of the former and 2 1% of the latter recorded the cyst of E histolytica / E dispar + 
trophozoites and/or cysts of G lambba m their stools 18% each of Libyans and non- 
Libyans recorded the cysts of E histolytica / E dispar + B hommis, and 1 8% of 
Libyans contamed the cyst of E histolytica / E dispar + E cob + E nana m their 
stools The other double and triple combmation of parasitic trophozoites and/or cysts 
were discernible m the stools of a low percentage (0 4%) of non-Libyans (Table 1) 

A significant difference was not foimd m the percentages of positive cases 
between Libyans and non-Libyans (A) (F = 0 000, P>0 01) and between the 
percentages of these nationals havmg single or concurrent parasitic occurrences (B) (F 
= 3 55, P>0 05) of the trophozoites and/or cyst of the protozoan parasites m their 
stools However the mteraction betweai A & B was found to be significantly different 
(F = 7 38, P<0 05) 
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Table 1- Percentages of positive cases of Libyan (n = 57) and non-Libyan (n = 280) nationals having 
single or concurrent parasitic occurrences of the trophozoites and/or cysts of intestinal 
protozoan parasites m their stools 


SI No 


% Positive cases in 

Parasites 

Libyans 

Non-Libyans 


Single parasitic occurance 



1 

Entamoeba histolytica / Entamoeba dispar 

52 6 

57 9 

2 

Entamoeba coli 

35 

29 

3 

Entamoeba hartmanni 

00 

04 

4 

Endolmax nana 

10 5 

54 

5 

lodamoeba butschlii 

00 

04 

6 

Giardia lamblia 

12 3 

16 8 

7 

Chilomastix mesnili 

1 8 

00 

8 

Blastocystis hominis 

00 

2 1 


Concurrent parasitic occurrence 



1 

E histolytica/E dispar -^E colt 

14 0 

86 

2 

E histolytica/E dispar -^E hartmanni 

00 

04 

3 

E histolytica/E dispar +G lamblia 

1 8 

2 1 

4 

E histolytica/E dispar hominis 

1 8 

1 8 

5 

E hartmanni + B hominis 

00 

04 

6 

E. histolytica/E dispar +E coli+E nana 

1 8 

00 

7 

E histolytica/E dispar +E coli + G lamblia 

00 

04 

8 

E histolytica/E. dispar + E nana + 1 butschlii 

00 

04 

9 

E histolytica/E dispar '^E hartmanni + 




B hominis 

00 

04 





protozoan parasites in LIBYAN AND NON-LIBYAN RESIDENTS 


227 


Intestinal protozoa are the etiological agents of several widespread parasitic 
diseases, the most common of which are caused by E histolytica and G lamblia^ 
Amoebiasis is a cosmopohtan infection transmitted by the fecal-ovai route, food and 
dnnk and its greatest rnipact is m Africa and m Asia In Africa, Egypt, Morocco and 
countnes located between 10°N and 10“S are severely affected® This categonzation 
includes Libya also Moderate to high prevalence of this parasite are reported m 
population residing m sub-saharan and Arabian countnes also^“’“ 

G lambha the causative parasite of giardiasis was reported earlier among the 
school children m Benghaza^’^’'* With the advent of AIDS there was speculation that 
G lambha may be an important pathogen of this group, but cluucal ftndmgs to date 
do not seem to confirm this possibility'^ Giardiasis was also reported among 
Jordanian'^, Egyptian'^' and Palestmian" populations, but is less severe m sub-saharan 
African countries'^ 

Moderate percentages of Libyans and non-Libyans had the cyst of E cob m their 
stools High pievalence of E cob was reported earlier among the school children of 
Benghazi^ and m Egypt*'* E cob is found m large mtestme and is of medical 
impoitance only because it may be imstaken for E histolytica' 

The most cntical question concerning B homims today is whether it is a pathogen 
or a commensal It is a common inhabitant of the human bowel and is increasmgly 
recogmzed as a potential cause of diarrhea'® Also, several reports suggest that B 
homims may be an opportumstic infection m immuno suppressed patients with 
aids"' '*, but whether as a commensal or as a pathogen remains to be determined 

The cyst of C mesnili were found in the stools of Libyans only, whereas the cysts 
of E hartmanni and I butschln were detected among non-Libyans The recogmtion of 
non-pathogemc mtestinal protozoan parasites is generally accepted as an useful 
epidemiological indication of the level of fecal contanunation''* The non-pathogemc 
forms recorded m the present study are cosmopohtan m distnbution and are reported 
harmless m humans except for creatmg intestinal disturbances if found m large 
numbers 

In conclusion, high prevalence of E histolybca/E dispar and G lambha and their 
combinations, the modest prevalence of B homims and its combination with other 
pathogemc forms in Libyan and non-Libyan residents of Benghazi, are matters of 
concern The gravity of the situation mcreases further after receut findings that G 
lambha and B homims are important and opportunistic parasites related with AIDS 
The possibility of transmission of some of the parasites from the alien population to 
the indegenous Libyans and vice versa cannot be ruled out unless proper preventive 
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and precautionary measures are implemented to check the spreadmg of these 
parasites These include effective environmental samtation to prevent water and food 
contamination, proper sev/age, adequate handimg and treatment of water supplies and 
health education The results of the present study also mdicate that more strmgent 
parasitological surveillance of immigrant population may help m reducmg the nsk of 
transmission of infections 
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Abstract 

Primate females begin reproduction any where between a year and !3 years of age, considering 
the gamut from mouse lemur to Chimpanzee The fact is that they are slower to mature than 
other mammals of equal body weight Timing of the onset of puberty depends on 
environmental factors, especially nutrition That young males and females mature faster in 
captivity than counter parts m wild On the basis of long field studies on Hanuman langur, 
Semnopithecus entellus at Jodhpur, Rajasthan (India), the birth rate, birth peaks, inter-birth 
interval and age at menarche were investigated during 1982-89 The data of three focal bisexual 
troops VIZ Kailana I, Kailana II ano Bijolai obtained from 9 samples of females whose dates of 
birth, first menstruation, and delivery of their first baby were known This study presents that 
langur female reaches menarche at 26-36 months of age (average 30 0 months), conceived after 
variable number of cycles and age range 30 7-54 3 months (average 38 5 months) and at first 
delivery their age ranges from 37 3-60 9 months (average 45 2 months) Various other social 
and environmental factors, besides nutntion, may affects physical maturation 

(Key words Hanuman langur/ S entellus! age / 1®‘ delivery) 

Introduction 

The Hanuman langur {Semnopithecus entellus), a member of Indian Colobinae, 
perhaps is the most widely distributed of the non-human primates ip Indian 
subcontinent It is a highly adaptable species and is still maintaining itself m various 
ecozones even m adverse ecological conditions in its distribution zones\ In the 
western part of its habitat, it is found predominantly organised in two types of groups 
VIZ. bisexual troops and unisexual all-male bands. The eastern fringe of the Great 
Indian Desert supports an isolated population of about 1800 langurs living in an area 
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of 150 sq kms (Rajpurohit et al f It is an open scrab forest with undulating hillocks, 
orchards, gardens, crop fields and human dwellings 

In the last quarter of 20th century, feirly intensive field studies on ffee-rangmg 
wild population of Hanuman langur have been earned out at several locations m India, 
Nqiai and Sn Lanka The Jodhpur population is being momtored since 1967 and has 
provided valuable clues to the eco-ethology and sociobiology of the species Bisexual 
troops contain 7-93 members (average 38 5) and m all-male ^ands 2-47 mdividuals 
(average 11 8)^’'* The group numbers and locations have been depicted m Fig 1 
Troops are matnhneal groups of adult females and offspnng with either one adult 
male (unimale troops) or more than one adult male (multimale troops) The percentage 
of unimale troops, multunale troops, and the correspondmg number of extra troop 
band males, varies from site to site 'Fhough, births have been observed round the year 
at Jodhpur but maximum births take place m one or two peaks when seasons have 
great variation m chmate and vegetation^. Lancaster & Lee^ stated that there is no 
general pattern among the langurs or also m macaques but it should be specific for 
each geographical region The estimate age at which matunty m langurs reaches is 3 
to 4 years m females^, 6 to 8 years m males^’*’‘*’^’’° The gestation penod is about 200 
days and average cycling lengths is 24 days The mean interbirth mterval m 
langurs at Dha’war noted by Jay’ and Sugiyama* is 20-24 months, at Abu is 15-30 
months'^ and at Jodhpur is 8-22 months^'*, 8-22 months, average 15 3 months®, and 
7.0-76 0 months, average 16.8 months’ Maternal rejection and infantile tantrums 
characterizing 'weaning' occurs between 8-14 months (n=12)*® The present paper 
deals to mvestigate the age at first birth m langurs 

Materials and Methods 

The present findings are part of long term (i e July 1983 to March 1987) field 
data on Hanuman langur, conducted around Jodhpur, Rajasthan (altitude 241 m, 
latitude 26° 18 N and longitude 73° 08 E) smee 1980. In and around Jodhpur the 
climate is and and characterized by xmcertam and vanable rams (annual mean ramfall 
ca 360 mm) and wide range of temperature (maximum up to 50° C and mimmum 
below 0°C). The Hanuman langur groups here are distributed over a 30 km diagonal 
ndge ru nn i ng from the village Ama in the west to Daijar m the northeast passmg 
through Jodliqiur Fort {see Fig 1) There are no other langur froops withm a radius of 
100 km. Water is available throughout year for all the groups through artificial lakes, 
tanks and ponds Some of these groups dwell close to hum an habitations or abandoned 
building and people regularly feed most of the groups^’ 
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Fig 1- Location of bisexual troops and all-male bands around Jodhpur 
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The focal troops viz Kailana I (B 19), Kailana II (B20) and Bijolai (B21) 
provided nine samples for menarche study m the langurs (during 1980-1987) Before 
tlie commencement of a particular study all the adult mdividuals of these focal troops 
were mdividually identified and every social, demographic and behavioural changes 
were recorded with the help of ad libitum, scan and focal animal samplmg’® Jodhpur 
langurs are not too shy and are easily observable at ground for maximum hours of a 
day Except some feral dogs, they do not have any natural predator 

Results 

Study on three focal troops provided mne samples of female langurs, whose birth 
dates and the dates when they delivered their first infant are known The birth dates 
and age at first delivery were recorded m long-term observation of 3 neighbounng 
bisexual troops (le B19, B20 and B21) with mdividually known females whose 
menstrual cycles (as menstrual bleedmgs are clearly visible m this species here) were 
contmuously momtored It is unlikely that any buth m focal troop durmg study penod 
has missed because all the adult females were mdividually identified and regularly 
followed for their reproductive success etc In this study all females reached their 
menarche at 26-36 months of age (average 30 0 months) and conceived after vanable 
number of cycles, at the age of 37 7-54 3 months (average 38 5 months) The age, at 
which langur females have delivered their first baby, ranges between 37 3 and 60 9 
months, average 45 2 months (cf Table 1) Of these nme cases m seven the first baby 
was female, m one case it was male and the sex of remaining one could not be 
ascermme4 before it disappeared after birth The sample was not havmg sufficient 
number of male mfents on &st birth to compare the age of mother at first delivery of 
male versus female infant 


Discussion 

The number of children bom by a female can be descnbed by the age at which she 
begins reproduction, the age at which she stops reproducmg and the mter-birdi 
mterval Pnmate females begm to reproduce some where between one year and 13 
years of age, considering the gamut from mouse lemur to chimpanzee The sigmficant 
fact IS that they are slower to mature than other mammals of equal body weight The 
majority of monkeys, and even the larger lemurs, do not bear offspring before three 
years of age*’. The present study suggest that langur female reach menarche at about 
30.0 monflis, which nearly supports Winkler et al^ m which they have stated this age 
about 29 0 months But then after vanable number of cycles females conceived and 
delivered their first baby at the age of about 45 2 months rangmg between 37 3-60 9 
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months (n=9-present study), while Winkler et al ^ and Sugiyama* noted this age about 
40 months 


Table 1- Semnopithecus entellus, age of female langurs at first birth (m months) 


Animal No 
(F=femaie) 

Troop No 
(B=bisexual) 

Birth Date (A) 

Date of first 
delivery (sex of 
infant) (B) 

Age at first birth 
(B-A) 

F44 

B19 (Kailana I) 

08 Feb 80 

02 M 83 (F)**'’ 

40 8 

F63 

B19(Kaiiana I) 

26 Dee 79 

08 Aug 83 (F)* 

43 4 

F23 

B 19 (Kailana I) 

03 Aug 80 

09 Sep 83 (F)" 

37 3 (Mm) 

Y2A 

B 21 (Bijolai) 

06 Jui 80 

29 Feb 84 (M)**® 

43 8 

F32 

B 19 (Kailana I) 

04 Aug 80 

16 Mar 85 (F)"*** 

55 4 

F13 

B 20 (Kailana H) 

Mar 82 

03 May 85 (?)'**• 

39 0 

F64 

B 21 (Bijolai) 

15 Sep 81 

OlJuly 85 (F)"*' 

45 6 

F14 

B 20 (Kailana H) 

15 Jun82 

10 Oct 85 (F)"** 

40 3 

B25 

B 21 (Bijolai) 

15 Feb 82 

12 Mar 87 (F) 

60 9 (Max) 

Mean 




45 2 (n=9) 


Observers a= L S Rajpurohit, b= G Agoramoorthy, c= A Snvastava and d= C Bomes 


Hadidian & Bemstem^® have Jivestigated the median age at iBrst delivery for 
seven pigtails (Macaco nemestnna) is 47 months, rangmg 43 - 67 and for text rhesus 
(Macaco mulatto) is 43 months, with a range of 36 - 44 months The mean age at &st 
delivery has been given as 55 months m Japanese macaques (M fascatta fascatta) and 
46 months m crab eatmg macaques (M fasciculans)^^ Tumng of the onset of puberty 
depends on environmental factors, especially nutation In the semiarid area like 
Jodhpur, natural food is not always m plenty and therefore such situation is 
responsible for delayed first delivery of baby in langurs here In many of zoos and 
captivities. It was found that young males and females mature earlier than their wdd 
counter part^° This is m accordance with the more extensive human data There is 
controversy as to how much chrome malnutrition reduces fertility. However, the data 
unequivocally indicate that well-nounshed populations of girls may reach menarche at 
1 1 to 13 years, as m present day m Europe and America Vanous others social factors, 
besides nutation also affect the physical maturation 
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Abstract 

Larval nutntion gets affected with the change m physiological condition of the larvae Mean 
daily food ingested, assimilated, feeding rate and assimilation rate tend to declme sigmficantly 
m the fifth mstar larvae of Antheraea mylitta under different physiological conditions, like 
daily food deprivation for 4 hr (PCi), 8 hr (PC2), 12 hr (PC3) and parasitization with uzifiy 
(PC4) and Nosema sp (PC5) over control (PCo) The decline m gam m body weight (by 20 5% 
to 41 9%) and growth rate (by 15 1% to 37 7%) were found sigmficant over the uninfected 
control Daily mean fresh body weight gam by the larvae were recorded as 1 2 g m the PCo 
while the same were recorded as 0 87g, 0 73g, 0 54g, 0 75g and 0 65g m PCi, PC2, PC3, PC4 
and PC5 respectively Survival rate of the larvae declmed sigmficantly (by 14 2% to 55 6%) 
and the mstar duration got extended by 2 to 6 6 days under physiological stress conditions 
Nutritional requirement for umt growth and cocoon shell formation also got affected m the 
larvae 

(Keywords Antheraea mylitta / larvae / V mstar / physiological condition / nutntional 
requirement) 


Introduction 

The quantitative nutritional aspect of msect nutrition mvited greater attention after 
the extensive review made by Waldbauer^, although Hiratsuka^ had started the 
quantitative studies for silkwomi, Bombys mon much earlier The quantitative 
consumption and utilization of food are essential for growth, development and 
reproduction The active and dynamic process of larval feedmg under the influence of 
quality and quantity of food has an immense effect on growth rate, developmental 
time, final body weight, survival and reproductive potential^ Adverse effects of 
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restricted feeding and parasitic infection on food utilization parameters and growth m 
insects have been reported^"'^ 

Antheraea mybtta is a wild sencigenous insect of India and is polyphagous The 
larva is a continuous feeder, consumes and utilizes sufficient food for its growth and 
accumulates sufficient energy reserve for its non-feedmg stage The feedmg and food 
utilization m the larvae is often influenced by its physiological condition Although 
some authors had conducted quantitative nutntion studies m A no report 

IS available on the rate of feeding and assiimlation m the larvae and food requirement 
for Its growth and cocoon shell formation when the larvae suffer from different 
physiological stress condition, which is the aun of the present study 

Materials and Methods 

Antheraea mybtta Drury (Daba Bivoltme) (Lepidoptera Saturmidae) was chosen 
for the study because of its high exploitation potency In the experiments V mstar 
larvae were used because maximum food mgestion (78 to 81 %) and assimilation (73 
to 77%) were recorded dunng this mstar'® where the impact of physiological stress 
condition of the larvae can be studied properly Leaves of Termmaba tomenwsa was 
given as larval food as it supports the growth better'® ’® Six physiological conditions 
were studied . 

PCo = Control (healthy and uninfected fifth mstar larvae), contmuous feedmg 

PCi, PC 2 and PC 3 = Healthy and uninfected fifth mstar larvae subjected to 4, 8, 12 
hr food depnvation daily respectively 

PC4 (Parasitization by uzifly) = Healthy and uninfected fifth mstar larvae were 
parasitized by uzifly (Blephanpa zebma Walker, Diptera Tachimdae) on the first day 
as described earher (Rath et al ’®) The level of parasitization was maintain ed at 5 eggs 
per larvae 

PCs (Infected with microspondia, Nosema sp)= Nosema infected fifth mstar 
larvae (10 650 x 10^ spores/ml) 

Larvae were fed with sufficient quantity of pre weighed leaves of T tomentosa 
twice a day'® There were 5 rephcations with 20 larvae m each Buffer stocks were 
mamtained to compensate mortahty The mature larvae were allowed to spm the 
cocoon out door after completion of feedmg treatment The shell content was weighed 
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after pupation Data recorded were based on dry weight basis Food intake, 
assimilation, relative growth rate (RGR) were measured followmg Waldbauer’ Rate 
of feeding and assimilation were measured followmg Delvi and Pandian^° The middle 
body weight of an mdividual (calculated by addmg half the mean net growth to the 
mitial mean body weight) was used for calculation of rate of feedmg and assimilation 
The results were analysed for sigmficance usmg ANOVA Study was undertaken 
durmg October-November m prevailmg climatic conditions (temp 22-24° C and 77- 
80% RH) 

Results and Discussion 

Growth, developmental time and survivability of larva Absolute growth and 
relative growth rate (RGR) of the larva sigmficantly decreased when the physiological 
condijbon of the larva was disturbed (Table 1) The declme m weight gain and RGR 
was m the order of PCs > PCs > PC2 >PC4 >PCi The highest and the lowest recorded 
declme m weight gam were 41 9% and 20 5% respectively, whereas, the highest and 
the lowest declme m RGR lecorded to be 37 7% and 15 1% respectively The larvae 
under physiological stress took more time to attam maximum weight followmg lower 
RGR While the larvae m control condition (PCo) attamed maximum weight on 18“^ 
day, larvae m different physiological conditions (m PCi, PC2, PCs, PC4 and PCs) 
attamed maximum weight on 20*, 22'“‘, 23^“*, 21^ and 2r‘ day of the mstar 
respectively The absolute body weight did not differ sigmficantly up to 6* day, but 
thereafter it declmed sigmficantly over control m all physiological conditions studied 
From the study it is revealed that prolongation of feedmg period become necessary 
when the larvae are either under short supply of food due to starvation or attacked by 
parasites to meet their nutritional requirement to mamtam a nutnent reserve for non- 
feedmg stages of the insect Studies m msects mcludmg sencigenous species have 
been reported snmlar findmgs®’^’'^"'^’^' Survivability of the larvae declmed 
sigmficantly m different conditions, the lowest survivability was observed m PC3 
where only 30% larvae survived against the control (PCo) value of 67 6% Food 
depnvahon m B mori (6 hr/day) results 37 2% declme m survivability over control'^, 
which confirms our findmgs 

Rate of feedmg and assimilation- During the entire V mstar duration under 
different physiological conditions of larvae the dry matter mgestion and assimilation 
declmed sigmficantly to the tune of 1 1 3% to 25 7% and 12 7% to 40 3% respectively 
over control (Table 1), The daily dry matter ingestion declined to the tune of 19 1%, 
32 1 %, 41 3 %, 32 5 % and 43 7% and assimilation by 29 2%, 43 8%, 54 2%, 31 3% 
and 35 4% m PCi, PC2, PC3, PC4 and PC5 respectively 
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Table 1 - Effect of physiological condition of fifth instar larva oiAntheraea mylitta on developmental 
tune, survivability, rate of feeding and assimilation and food requirements (diy weight basis) 


Parameters 



Physiological conditions of larva 


CD at 


PCo 

PC, 

PCj 

PC 3 

PC 4 

PC 5 

5% 

Instar duration 

20 8 

22 8 

25 4 

26 8 

26 0 

274 

1 710 

(days) 


(+9 62%) 

(+22 12 %) 

(+28 85%) 

(+25 00%) 

(+31 73%) 




58 0 

47 0 

30 0 

53 2 

474 


Survivability (%) 

67 6 

(-14 20%) 

(-30 47%) 

(-55 62%) 

(-21 30%) 

(-29 88 %) 

5 6^2 

Mean total food 

52 44 

46 51 

43 46 

39 55 

44 65 

38 98 

2 495 

mgested (g) 

(-11 31%) 

(-17 12%) 

(-24 58%) 

(-14 86 %) 

(-25 67%) 

Mean total food 

19 87 

15 60 

13 82 

11 87 

17 35 

16 85 

1 388 

assumlated (g) 

(-21 49%) 

(^30 45%) 

(-40 26%) 

(-12 68 %) 

(-15 20 %) 

Mean daily food 

2 52 

2 04 

1 71 

148 

1 70 

142 

0 146 

mgested (g) 

(-19 05%) 

(-32 14%) 

(-41 27%) 

(-32 54%) 

(-43 65%) 


Mean daily food 

0 96 

0 68 

0 54 

0 44 

0 66 

0 62 

0 092 

assimilated (g) 

(-29 17%) 

(.^3 750 / 0 ) 

(-54 17%) 

(-31 25%) 

(-35 42%) 


Feeding rate (g/ 

0 43 

0 39 

0 34 

0 33 

0 33 

0 29 

0 025 

g body wt / day) 

(-9 30%) 

(-20 93%) 

(-23 26%) 

(-23 26%) 

(-32 56%) 


Assimilation rate 


013 

oil 

010 

013 

0 13 


(g/gbodywt/ 

day) 

016 

(-18 75%) 

(-31 25%) 

(-37 50%) 

(-18 75%) 

(-25 00%) 

0 013 

Gainmbody 

6 49 

516 

4 81 

3 77 

5 10 

4 61 

0 417 

weight (g) 

(-20 49%) 

(-25 89%) 

(-41 91%) 

(-21 42%) 

(-28 97%) 




0.045 

0 039 

0 033 

0 040 

0 035 


RGR 

0 053 

(-15 09%) 

(-26 42%) 

(-.37 740 / 0 ) 

(-24 53%) 

(-33 96%) 

0 004 
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124 

1.00 

1 38 

1 55 


Shell wt (g) 

214 

(-14 95%) 

(-42 06%) 

(-53.27%) 

(-35 51%) 

(-27 57%) 

0122 


Table 1 Contd 


PHYSIOLOGICAL CONDITION OF V* INSTAR LARVAE OF A MYUTTA 


241 


Table 1 Contd 


Ingesta/ g body 

8 09 

9 01 

904 

10 50 

8 76 

8 46 

0 840 

wt 


(+11 37%) 

(+11 74%) 

(+29 79%) 

(+8 28%) 

(+4 57%) 


Digesta/ g body 

3 07 

3 02 

2 87 

3 15 

3 40 

3 66 

0 281 

wt 


(-1 63%) 

(•>6 51%) 

(+2 61%) 

(+10 75%) 

(+19 22%) 




25 72 

35 13 

39 67 

32 35 

25 09 


Ingesta/ g shell 

24 54 

(+4 80%) 

(+43 15%) 

(+61 65%) 

(+31 82%) 

(+2 24%) 

2 758 



8 58 

11 17 

11 91 

12 57 

10 84 


Digesta/ g shell 

9 30 

(-7 74 %) 

(+20 11%) 

(+28 06%) 

(+35 16%) 

(+16 56%) 

1068 


The rate of feedmg and assimilation declmed significantly in the larvae, which 
suffered from different physiological conditions Food mgestion, assirralation and 
utilization got affected when restncted feedmg and parasitic attack were observed^' 
Declme m the rate of feedmg followed by declme m the rate of assimilation due 
to various physiological conditions resulted m reduced growth rate Food consumption 
and digestibility were affected m B mon upon parasitization by uzi so also m 

A mylitta^^ Growth inhibition was imght be due to host parasitic mteracUon leading 
to metabolic changes m the host as reported m B mon and other msects^^® Food 
utilization eflSciency was found affected followmg parasitization^^’'^’^ Food 
utilization parameters got derange due to microspondia infection was already reported 
m other msects"’^‘‘ All these corroborate our present findmgs 

Silk Production Silk production (expressed as shell weight) mA mybtta declmed 
sigmficantly m all expenmentai conditions The declme level were in the order of PCs 
(53 3%) > PC2(42 1%) > PC 4 (35 5%) > PC 5 (27 6%) >PCi (14 9%) (Table 1) 
Increase m the penod of food depnvation as m PCi, PC 2 and PCs decreased the shell 
content m A mybtta further confirmed the findmgs observed m B morf’^^ The lower 
food mtake followed by lower assimilation m the larvae imder different physiological 
conditions ultimately affected the silk producUon^’'^'^’’^ This might be due to the 
depletion m ammo acid pool which could be attributed to lower rate of mgestion and 
assimilation followmg change in physiological conditions of the larvae thereby ammo 
acid flow to the silk gland could not be mamtained which hampered the silk synthesis 
Ammo acid content declined in larvae mfected with Nosema and uzi fly m insects 
including B mon and A. mybtta further confirmed our findmgs 
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Food requirement for growth and shell production Food requirement for umt 
growth and shell production got affected following change m the physiological status 
of the larvae Dry ingesta required per gram body weight mcreased over control m all 
physiological conditions studied (by 4 6% to 29 8%) but was only found sigmficant m 
PCi , PC2 and PC3 (Table 1) On the contrary, digesta requirement per gram body 
weight mcrease were found significant m PC4 and PCs Dry mgesta reqmrement per 
gram shell production mcreased gigmficantly m PC2, PCs and PC4, but digesta 
requirement mcreased significantly m all physiological conditions studied except PC] 
where it declmed by 7 7%, The mcrease recorded m digesta requirement ranged from 
16 6% to 35 2% Increased food reqmrement for growth and shell formation nught be 
due to diversion of considerable amount of food matenal towards mamtenance of life 
activities 

Thus, the above physiological condition led to a declme m food intake followed 
by assimilation and with the decrease m the rate of feedmg and assimilation resulted 
m declme m growth rate and overall gam m body weight leadmg to poor silk 
production The physiological conditions also lumt the survivability of the larvae In 
the present study it was found that the damage caused due to disturbed physiological 
conihons of the larvae were m the order of PCs > PC5 > PC2 > PC4 > PCi Therefore, 
it could be concluded that utmost care should be taken durmg the reanng to retam the 
normal physiology of the larva to mcrease the productivity 
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Abstract 

A common Indian stram of Potato virus Y (PVY®) was characterized by PCR amplification of 5’ 

UTR and PI protem stretchmg about 969 nucleotides from 5' proximal part of the genome The 
amplified PCR product was gel purified and cloned mto pGEMT easy vector The suitable 
clone was picked up and confirmed by restriction digestioiL The plasmid was Imeansed and in 
vitro transcripts were labeled with P-UTP and a high rate of mcorporation was observed 
PVY detection was achieved through autoradiography without any cross-reaction with other 
common viruses such as Potato virus X (PYX), Potato virus S (PVS) and Potato leafroll virus 
(PLRV) The signal was observed upto a dilution of 1 1024 This mdigenously developed probe 
was found to be highly effective and sensitive for detection of PVY by comparative 
simultaneous probmg with the plasmid received from CP Lima, Peru Various field/ 
germplasm and glasshouse samples from potato, tobacco and datura with mosaic/mottle and 
vernal necrosis were tested 

(Keywords PVY/ nucleic acid probe/ NASH/ PI protem) 

Introduction 

Potato virus Y (PVY) the type species of the genus Potyvirus of the family 
Potyviridae^, has a world wide (hstribution and is one of the most economically 
important viruses m potato All members of the family comprise flexuous filamentous 
particles containing a monopartite single-stranded positive sense RNA genome of -- 
9700 bases long with a small protem (VPg) covalently linked to the 5' terminal 
nucleotide and a poly (A) tail at ih& 3' termmus^ PVY isolates from potato have been 
traditionally classified mto three strams^*^ and Y^ Yield losses of 10-80 % 

dependmg upon the strain, cultivar and time of infection have been reported^*^ 


Various laboratones have applied nucleic acid spot hybndization (NASH) 
technique to detect potato viruses and have reported that its sensitivity of detection is 
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several folds higher than ELISA’-®’® For inspection and certification, rapid and 
sensitive tests for virus detection and identification are required Development of 
nucleic acid hybridization techmque has resulted m extremely reliable and sensitive 
diagnostic procedure for the detection of infectious agents due to sequence similanty 
provided by the recogmtion of complementary nucleic acid strands’® Therefore, 
efforts were made to develop a nucleic acid probe to ensure sensitive and reliable 
detection of PVY 


Materials and Methods 


A Extraction of KNA 

PVY was purified firom Nicotiana glutinosa two weeks after moculation followmg 
the modified protocol of Khurana et Coat protem from the punfied virus was 
removed by the addition of 5 pi Protemase K (5mg/ ml) and 2 pi SDS (10%) m a 200 
pi reaction volume This was followed by mcubation at 37°C for 30 mmutes and 
subsequent phenol chloroform extraction RNA was precipitated with 2 5 volumes of 
ethanol and 1/10 of sodium acetate (pH 5 2) Total plant RNA was also extracted 
usmg RNeasy Plant Mmi kit (Qiagen) and subsequently used for PCR amplification 
The RNA concentration was estimated spectrophotometncally 


B cDNA Synthesis and PCR Amplification 

cDNA was synthesized usmg reverse transcnption system (Promega) as descnbed 
by the manufticturer The reverse transcnption imxture had a final concentration of 
reaction components- Ix Reverse Transcnption buffer (10 mM Tns-HCl, 50 mM KCl, 
0 1% Tnton® X-100), 5 mM MgC^, 1 mM of deoxynbonucleotides (dNTPs) mix, 20 
umts of RNasin, 600 ng of specific downstream pnmer d (Table 1), 1 pg (4 pi) viral 
RNA (which was first denatured and chilled on ice) and 15 U of AMY reverse 
transcriptase All were added to a 20 pi total reaction volume The mixture was then 
mcubated at 42°C for 1 hour for RT and subsequently mcubated at 95 °C for 2 minutes 
to teixninate the RT reaction The total volume was made up to lOOpl by adding 80 pi 
nuclease free water to the cDNA 

PCR was performed m 3 tubes containmg 5 pi cDNA per 25 pi of the reaction 
solution havmg 1 25 pi of 2 mM dNTP's, 2 5 pi of lOX PCR buffer (Perkm Elmer) 
(100 mM Tns HCl, 500 mM KCl, 15 mM MgCla, 0 01%(w/v) gelatin), 0 30 pi 
(lOU/pl) of Amphtaq DNA polymerase (Perkin Elmer), 0.50 pl(600 ng/pl) of each 
pnmer a-d in tube no 1, b-d m tube no 2 and c-d m tube no 3 respectively Cycling 
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conditions were optimized to an imtial denatxiration at 94°C for 5 mm and 40 
subsequent cycles of 1 mm 94°C, 1 mm 55°C, 1 mm 72°C and, the final extension at 
72°C for 10 mm Following amplification, lOpl PCR product was run on a 0 8% 
agarose gel contai ning 0 5 pg/ml ethidium bromide One Kb DNA ladder (MEI 
Fermentas) was used to detemune the size of the amplified product 


Table 1- Primers used for the PCR amplification of the PVY 


PRIMER 

SEQUENCE 5'-3’’ 

Fragment (bp) 

a 

AACACTCACAAAAGCTTTCA 

928 

d 

TG(C/T)GA(C>nr/A)CCACGCACTATGAA 


b 

T/(CyT)A(C/T)AAAC(A/GX:T(C/T)ATT)ATT(C/T)TCAC 

923 

d 

T<3<C/T)GA(C/T/A)CCACGCACTATGAA 


c 

AATrAAA\CAACTCAATACA 

969 

d 

TG(C/T)GA(C/T/A)CCACGCACTATGAA 



C Cloning of the amplified product 

The amplified Jfragment obtamed with the (c-d) combination was eluted from the 
gel usmg Clean Genei kit ( Bangalore Genei) and AT cloned m pGEM- T Easy vector 
(Promega) The recombinant plasmid was named pKMA^OO The authenticity of 
the cloned gene was confirmed upon restnction release of the fragment with Eco RI 
mdNotl 

D Preparation of 32 P-labeled probes 

The cloned plasmid pKMAfY(Y) contammg the cDNA insert of PVY was first 
Imeanzed with Sac II restnction enzyme. In-vitro transcnption was carried out usmg 
RiboProbe® In Vitro Transcnption System (promega) following a modification of the 
procedure descnbed by Melton et al The transcnption mixture, containing 1 pg of 
Imeanzed plasrmd template, 0 5 mM each unlabeled nucleoside triphosphates, 70 pCi 
a32 p-ujp j]j the presence of 1 unit per microlitre of nbonuclease inhibitor, was 
mcubated with 20 umts of SP6 RNA polymerase for 120 mm. at 38°C. The mixture 
was then mcubated at 37°C for 20 mm with 1 pi RQl DNAse (1 umt/pl) to remove 
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the DNA template Phenol/chlorofonn-extracted RNA was ethanol precipitated and 
resuspended m TE buffer The run-way- transcnpts were obtamed upon labelmg 

E Extraction and spotting of samples 

Leaves were homogenized m formaldehyde (37%) and lOX SSC (Iml/g of tissue) 
and the homogenate was centrifuged at 7000K for 5 mm Five rmcrolitre of the 
aqueous phase of each sample was spotted onto the mtrocellulose membrane 
pretreated with distilled water and 20x SSC 

F Hybridization with the ^^P-labeled RNA probes 

The NCM's were placed m hybndization bottle containing 9 6ml hybndization 
buffer [De-iomsed Formamide (50%), sodium cacodilate (25 mM) and SDS 
(0 125%)] and mcubated for 10 mmutes at 55°C The membranes were blocked by 
adding 1ml of denatured calf thymus DNA (6 mg/ml) followed by mcubation at 55°C 
for 10 mm The next mcubation was done with 2 4 ml of 50% dextran sulphate at 
55°C for 10 mm The probe was then added m each tube and hybndized overnight at 
45°C The washing was done mitially with wash buffer 1[0 36 M NaCl (21g/L), 
20mM Tris base(2 4 g/L), Cone HCl (1 48 ml/L) and 20% SDS (5 ml/L)] twice for 20 
mmutes at room temperature The second washing was performed with wash buffer 2 
[0 1 X SSC and 0 1 % SDS (1 1)] at 65°C for 30 mmutes and twice m wash buffer 3 
[2X SSC] for 10 mmutes at room temperature Washed once agam for 20 mmutes m 
100 ml washing buffer 3 with 20 pi RNAse (stock: 10 mg/ml) at room temperature 
and finally, once agam m washing buffer 2 for 20 minutes at 50°C The membranes 
were dried at room temperature and detection was earned out by autoradiography at 
-70°C for overnight using Kodak X-ray films 

Results and Discussion 

The virus purified for production of antisera and total RNA extracted usmg 
commercial kit resulted m bands of same mtensity, suggestmg that anyone method, 
based on the feasibility and availabihty of chemicals may be used for PCR 
amphfication 

Accurate identification of specific strains and determination of their genetic 
variation is important m designing a molecular detection strategy The existence of 
sequence or symptom variants pose a requirement of separate sets of primers or 
probes The PI protem is the least conserved protem among the pot 5 wiruses and the 
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(a,b) PCR amplification of the genomic segment of PVY 

Lane M: 1Kb ladder (MBI Fermentas), Lane 1 : PCR set-up with primer pair a-d (For PVY^) 
No band observed. Lane 2: Amplification with primer pair b-d (Amplifying PVY®), Lane 3 
Amplification with primer pair c-d, for amplifying all PVY strains. 

Comparative detection of PVY infected samples 
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Fig. 3- Detection of PVY by nucleic acid hybridization by spotting of two fold dilutions of sap (1.4- 
1:1024) from different virus sources 


Fig. 4- Detection of PVY by tissue printing with individual samples of N. glutinosa (petioles). 


Fig. 5- Detection of PVY by spotting of purified PVY-RNA concentration 
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vanous strains of PVY’^ At nucleotide level, the percent sequence identity is m the 
same range' for both 5' UTR and the PI codmg regions of PVY’"* Therefore, we 
targeted the 5' UTR and the PI protein of the PVY genome for PCR amphfication and 
subsequent probe preparation Three combmations of primer pairs were used'^ a-d, 
amplifymg PW’^ but not PVY°, b-d, amphfymg PVY^ but not PVY^ and c-d, 
amph^g all PVY strains (Y°, and Y^) 

The RNA extracted from potato leaf samples was used for reverse transcription 
and subsequent PCR amphfication Similarly, the RNA was also extracted from N. 
glutinosa leaves artificially moculated with PVY° In all the cases, b-d or c-d 
combmations resulted m the expected bands, suggesting the presence of the common 
stram of PVY (Fig 1) The primer combmation c-d generated an amplified fragment 
of 969 bp The amplified product after clomng was labeled with a P-UTP and used 
as a probe Vanous field samples of potato were screened The same samples were 
also checked with the probe obtamed from CIP, Lima (Peru) and the results were 
similar (Fig 2) 

Leaf samples from different potato cultivars from Kufri (Fagu) farm were checked 
for the presence of PVY° Out of a total 352 samples tested, 1 15 were found positive 
(Table 2) 


Table 2- NASH testing of potato cultivars for the presence of PVY® 


Cultivar 

Total samples 

Virus positive 

Vmis tree 

Kufii Muthu 

45 

4 

41 

KufiiAslioka 

46 

12 

34 

KufhLalima 

26 

26 

- 

Kufh Sherpa 

51 

- 

51 

Kufii Badshah 

44 

44 

- 

KufiiPukliraj 

31 

29 

2 

Kufh Ginraj 

45 

- 

45 

Kufii Jyoti 

64 

- 

64 

Healthy control 

5 

- 

5 

Positive control 

5 

5 

- 
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The efficiency of the probe was checked by taking sap in different dilutions from 
samples of N glutinosa and Datura metel artificially moculated with PVY° along 
with leaves from field collected potato plants, tubers and sprouts (Fig 3 ) The healthy 
extract did not produce any visible signal suggestmg that the probe is highly specific 
m nature and there was no cross reaction with other common viruses The signal was 
also observed m direct tissue pnntmg of mfected samples (Fig 4), which is very 
important m seed farms etc where such lab facilities are lackmg Samples could be 
directly spotted onto the membrane and sent to a lab where further processmg for 
vims detecbon/confirmation may be done We could detect virus up to concentration 
of 60pg (Fig 5), showing the sensitivity of this techmque 

This techmque showed great promise to test large number of samples with high 
specificity and sensitivity m a short penod of time Besides ELISA, sensitive 
techmque like NASH may be mtroduced m mdexmg program and samples also be 
rechecked through molecular hybridization 
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Abstract 

Total protein and free ammo acid contents were determmed m lemmae at different stages of 
gram development m parent barley (Hordeum vulgare L ) genotype NP-113 and its mutant 
genotype Notch-2 contaimng relatively lower gram protem content (6 6mg and5 3 mg per gram 
respectively) Whereas total protem content followed a somewhat zigzag pattern, total ammo 
acid content mcreased up to 21 days after anthesis and decreased thereafter Total protem 
content was higher m NP-113 lemma compared with Notch-2 lemma On the other hand, free 
ammo acid content was higher m Notch-2 lemma compared with NP-113 lemma It appears 
that lemma may play important role m determining protem content m cereal grains 

(Keywords Hordeum vulgare L / barley/NP-1 1 3/Notch-2/lemina/protem/ammo acids) 

Introduction 

In each floret of barley, the ovary and stamens are enclosed m two flowering 
glumes, the lower dorsal glume (lemma) and the upper ventral glume (palea) The 
lemma is nearly, fully developed at anthesis and contnbutes photosynthate to the 
carbon economy of the ear^ A barley mutant genotype Notch-2 (5 3 mg protein gram 
and Its parent genotype NP-113 barley (6 6 mg protem grain'^) have been studied 
with respect to carbon and mtrogen metabolism m whole gram, endosperm, pericarp 
and leaves at different stages of gram development^’^ However, such mfbrmation is 
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lacking for larnma Present communication, reports total protein and free ammo acid 
contents m these two barley genotypes (diffenng m gram protem content) at different 
stages of gram development Results mdicate that mtrogen assimilation m lemma may 
play an important role m determmmg the protem content m gram 

Materials and Methods 

The NP-113 and NotcIi-2 barley {Hordeum vulgare L) plants were grown m 
eartliem pots under identical conditions The ears were tagged on the day of anthesis, 
and lemmae were removed from tagged ears at 7, 14, 21, 28, 35 and 40 days after 
anthesis (DAA) Lemmae were collected only from middle part of the ear For 
determmation of dry weight, samples of fifty lemmae were weighed and dned m a hot 
air oven at 80°C The dned samples were qmckly transferred to a dessicator and 
allowed to cool at room temperature The dned samples were weighed agam The 
process of heatmg, cooling and weighmg was repeated until constant weight was 
obtamed Total protem was calculated by multiplymg total mtrogen values with a 
conversion factor of 5 837 Total mtrogen was estimated m dned samples by micro 
Kjeldahl method* Total free ammo acids were estimated accordmg to method of 
Yemm and Cockmg’ 


Results and Discussion 

Data on fresh weight, diy weight, total protem and total free ammo acid contents 
are presented in Table 1 Fresh weight of lemma mcreased upto 21 DA 4 (except for a 
decrease m NP-113 between 7 DAA and 14 DAA), and decreased thereafter until 
matunty The fall m fresh weight during later part of gram development may be due to 
desiccation of lemma Marked difference m fresh weight of lemma, between the two 
genotypes was observed only at 7 DAA, when it was higher m NP-l 13 compared with 
Notch-2 Dry weight of lemma mcreased upto 35 DAA and decreased subsequently 
At 7 DAA, the dry weight of lemma was much higher m NP-113 compared with 
Notch-2 However, it was reverse at 35 DAA The decrease m dry weight of lemma at 
35 DAA may be due to mcomplete separation of lower part of lemma, which remains 
fused to the base of the gram, durmg later stages of development 

Total protem content of NP-113 lemma decreased up to 21 DAA, mcreased up to 
28 DAA and decreased subsequently to a very low level at matunty. In Notch-2 
lemma it followed a zigzag pattern Total protem content was higher m lemma of NP- 
113 compared with that of Notch-2 up to 28 DAA At this stage of gram development, 
NP-l 13 lemma recorded 76 % higher protein than Notch-2 The higher protein content 



PROTEIN & FREE AMINO ACIDS IN LEMMAE OF BARLEY GENOTYPES 


255 


in lemma of NP-113 compared with Notch-2 f^uggests that higher protem content of 
lemma may contnbute to higher protem content of attended grain (NP-llS gram has 
lugher protem content than Notch-2 gram) 

Table 1- Fresh weight, dry weight, total protem and total free ammo acids m lemma of NP-113 and 
Notch-2 genotypes durmg gram development 

mg Lemma'* 

Diy' Weight Total Protem Total Free Ammo 

Acids 



NP-113 Notch-2 NP-113 Notch-2 NP-113 Notch-2 NP-113 Notch-2 


7 30 76±1 05* 21 48±1 12 10 00±0 30 8 59±0 27 0 96±0 02 0 56±0 02 32 30±2 10 31 78±1 46 

14 25 00±2 63 24 82±0 88 11 28±1 17 11 25±0 70 0 83±fl 03 0 69±0 01 30 91±1 24 34 09±2 93 

21 27 02±1 36 26 32±0 99 12 86±0 09 12 50±0 27 0 73±0 04 0 44±0 01 40 89±1 67 44 50±1 38 

28 24 80±1 13 24 20±1 88 13 0510 25 12 7310 55 0 9210 05 0 5210 03 29 4912 35 33 8611 15 

35 20 OOlO 97 21 7311 64 13 2010 27 14 1310 08 0 3810 02 0 4010 02 20 4610 92 24 7311 41 

40 10 7610 83 11 1510 26 190 2910 80 10 6110 17 0 2510 01 0 3210 01 5 2510 31 7 6410 53 

‘Standard deviation for four replicates (Tw'O samples of each genotype and two estimations of each 
sample; 

Total free ammo acid content of lemma mcreased up to 21 DAA and decreased 
thereafter imtil maturity (40 DAA) to very low levels m both genotypes except for an 
initial slight fall m NP-113 The low level of free amino acid content at matunty may 
be due to cessation of supply of assimilate from leaves to lemma, and a source-smk 
relationship may be operational with respect to these precursors of protem synthesis m 
leaves, lemma and attendmg gram There is high expression of genes for ammo acid 
biosynthesis and photosjTithesis mdicatmg that the lemma/palea are major sources of 
nitrogen and carbon for the growmg kemal*° When changes m protein content and 
free ammo acids are compared, it appears that upto 28 DAA, the lemma is not actmg 
as consistent source of mtrogen to the kemal, rather it may be m a volatile situation 
actmg as sink or source dependmg upon the nitrogen supply After 28 days it starts 
actmg as a source of mtrogen to the kemal, which is evident from the senescence of 
lemma, as gram matunty approaches Proteolysis of chloroplast protems begins m 
early phase of senescence and the liberated ammo acids can be exported to the 
growmg parts of the plant”. This could explam the zigzag pattern of protem content 
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observed, especially in Notch-2 lemma. Notch-2 lemma recorded appreciably high 
content of total free amino acids compared with NP-113 except at 7 DAA, when 
differences between the two genotypes were negligible. The higher content of free 
ammo acids m Notch-2 lemma compared with NP-113 may be the reflection of lower 
protein content m lemma of Notch-2 However, it is intriguing to find that despite 
higher content of free ammo acids, it did not lead to higher protein content in Notch-2 
grain. Therefore, markedly higher levels of free amino acid content'* in endosperm and 
pericarp of Notch-2 compared with NP-113, lead to the suggestion that lower protein 
content m Notch-2 compared with NP-113, may not be due to relatively lower 
transport of free ammo acids from lemma to the grain, rather due to a block in the 
synthesis of protein in Notch-2 grain itself. 
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Abstract 

Effect of extracts of three fern plants viz Adientum remforme, Dryoptens filix mas and 
Polypodium decorum on the growth and mcidence of Phytophthora infestans were tested both 
m laboratory and field conditions The aquous extracts of all the test plants inhibited mycelial 
growth, spore gemunation and rate of infection of potato plant tissues Stimulatory effect of 
fern extracts on the growth of potato plants was revealed 

(Keywords Phytophthora zn/esfans/ potato plants/fems/antifiingal property) 

Introduction 

The higher plants contain a wide vanety of chemical compounds These 
compounds are exuded by plants and show either stimulatory or inhibitory effects on 
other plants Schremer and Sullivan* reported that plants produce certam chemicals 
which are toxic to other plants mcludmg microbes Smce then a number of 
mvestigations have been made m this regard by several workers^’^’'* The ferns are 
some such plants which are not only widely distnbuted but are also used by the local 
people as a medicmal plant for the treatment of certam diseases of man and cattle The 
present mvestigation auns at studymg the effect of few fern plants commonly 
available in the crop fields of Assam, against Phytophthora infestans, the fungus 
causmg late blight disease of potato 

Materials and Methods 

Preparation of plant extract- Extracts firom leaf, stem and root tissues of three fern 
plants namely, Adientum remforme, Dryoptens fllix mas and Polypodium decorum 
were prepared by the method followed by Panhar and Bohra^ 5g of fresh plant parts 
were washed 2-3 times with tap water and then surface stenhzed with 90% alcohol 
Subsequently die matenals were grounded m 50ml distilled water and acetone 
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separately for aquous and acetone extracts respectively The acetone macerates were 
kept for 24h at room temperature to evaporate the acetone In the remainmg residue 
50ml of distilled water were added Macerates were squeezed through double layered 
muslm cloth and filtered through filter paper After filtration, aliquots were 
centnfused at 10,000rpm for 20rmn The supernatant were filtered through Whatman 
No i filter paper and then stenhzed by passmg through 0 2micron disposable filters 
The extracts(10%) thus obtamed were used for the studies 

In vitro studies - The anpfimgal activity of the plant extracts on the mycelial 
growth of P infestans was measured by addmg 1ml extract to 10ml 'Lunabean Agar 
media' (Savage et al,^) A small portion of sporulating colony was placed in the centre 
of the Petndishes containing the culture media Diameter of mycelial mat were 
after 72 hours 

The rate of spore gemunafion was evaluated by employmg spore germmation 
tests in cavity shdes (Chandrol and Karkum^) Spores were collected by gently 
brashmg the surface of infected leaf with a stenle needle and suspended m distilled 
water For each treatment, one drop of extract with loopful of spore suspension was 
put m cavity shdes and covered with cover slip Suspensions prepared m a similar 
manner m stenle water served as control After mcubation for 12 hours at 18°C, at 
least SIX microscope fields were exaramed to obtain germmation percentage by usmg 
the followmg formula — 


Total number of germinated spore X 100 

Percentage of spore germination = 

No of spores/loop in spore suspension 

In VIVO studies — Seed tubers of healthy potato cultivar 'Up-to-date' were grown m 
earthen pots cotaimng soil cowdung manure and compost at the ratio 2 11 Before 
sowmg, each tuber was thoroughly sprayed with 50ml of 10% extract Successive 
spraymgs were done at weekly mtervals smee the emergence of seedlmg for a period 
of 60 days Control was made with pots sprayed with water Late bhght infection was 
measured by recordmg imfial emergence of blight lesion on the plants Growth 
parameters of plants and mcidence of late blight appearance were recorded after 75 
days after sowmg. 


Results and Discussion 

There was a sigmficant reduction m mycelial growth of the fungus P. infestans 
when treated with aquous root and leaf extracts of Adientum and Dryoptens 
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Maximum reduction m growth was by leaf extracts of Adientum (Table 1) In all the 
cases aquous extracts were far more effective than acetone extract Germination rate 
of sporangia ofP mfestans was reduced maximally by root extracts of Dryoptens 


Table 1- Effect of plant extract on the mycelial gro\vth(mm) and germination of sporangia(%) of P 
mfestans 


Plant extract 

Control 

Root 


Stem 



Leaf 



A 

B 

A 

B 

A 

B 

A 

B 

T, 

Aquous 

26 7 

86 4 

09 5 

68 3 

22 5 

76 8 

06 5 

54 7 


Acetone 

- 

- 

18 3 

57 8 

16 4 

81 5 

20 6 

70 0 

T: 

Aquous 

- 

- 

24 5 

18 6 

192 

56 8 

192 

39 6 


Acetone 

- 

- 

29 6 

33 4 

25 2 

614 

28 0 

57 8 

T 3 

Aquous 

- 

- 

08 6 

73 3 

214 

67 6 

11 6 

64 5 


Acetone 

- 

- 

214 

82 5 

25 7 

75 2 

27 3 

67 0 


C D at 5% Ti = 0 07, T 2 = 0 03, T 3 = 0 11 A= Mycelial growtli, 

Ti= Adientum remforme, B= Germination of sporangia 

T 2 = Dryoptens filix mas; 

T 3 = Polypodium decorum 

Field studies on the effect of plant extracts (aquous) on the rate of infection of 
potato plant tissues by P mfestans showed that leaf extracts of Adientum and 
Dryoptens significantly reduced bhght infection in all the plant parts (Table 2) 
Reduction m the rate of infection however, was more evident m the leaf tissues of 
potato as compared to steins and tubers 

The detrimental effects of higher plants of one species on die germmation, growth 
or development of plants of another species have been an established fact The 
chemical compounds, released by the higher plants, also referred to as allelochemicals 
have been exploited m the form of extracts of different parts such as roots, stems, 
leaves, shoots etc m the stunulation and inhibition of growth characteristics such as 
seed germination, seedling growth, vigour etc (Mukheqi & Sahai*) The present study 
on the growth parameters of potato plants sprayed with different fern extracts reved 
both inhibitory as well as stimulatory effects Seedling emergence was accelerated m 
tubers treated with root and leaf extracts of polypodium but remamed unchanged with 
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other ejctracts, rather it was delayed in tubers treated with leaf extracts of Adientum 
and root and leaf extracts of Dryoptens A greater biomass and mean shoot length 
occurred m plants treated with Polypodium and Dryoptens stem and leaf 
extracts(Table 3) Vigorous leaf growth and more tubers per plant was observed in 
plants treated vwth all the extracts of Dryoptens 

Table 2- Effect of plant extract on the rate of infection of potato plant tissue by P mfestans 


Rate of iiifection(%) of plant tissue 




Leaf 

Stem 

Tuber 

Control 


93 0 

69 5 

83 7 


T, 

27 3 

56 4 

65 8 

F, 

Tj 

49 4 

612 

59 6 


T 3 

46 2 

59 6 

72 4 


Ti 

42 3 

47 3 

61 4 

Fj 

Tj 

310 

45 4 

69 3 


T 3 

24 5 

614 

58 6 


Ti 

874 

74 5 

89 3 

F 3 

Tj 

912 

67 6 

67 5 


T 3 

90 3 

712 

75 8 

C D 5% Ti= 0 13, T 2 = 0 07, 13 = 0 04 

Fi = Adientum reniforme F 2 = Dryoptens fibx mas Fy 

= Polypodium decorum 



Ti= Root extract T 2 - Stem extract Leaf extract 

The antifungal as well as stimulatory or inhibitory effect of a number of higher 
plants against crop plants and pathogens have been reported by a large number of 
workers The antifungal property of these plants is due to the presence of some 
phytochermcals or alkaloids that inhibit growth of plant pathogens Bohra and 
Purohrf' obtained inhibition of growfli of Aspergillus flavus by usmg extracts of 
Azadirachta mdica The medicmal values of ferns are known to man from ancient 
times and extracts are used to cure certam diseases of man and cattles (Rice*°) The 
antifungal property of Adientum lunatum, Marsilea minuta and Equisetum 
ramosissimum m controlling human fungal pathogen Candida albicans have been 
reported by Panhar & Bohra” The present study reveals the atitifi mgal property of 
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Adientum remforme, Dryoptens fllix mas and Polypodium decorum, few commonly 
growing ferns m the crop fields against P mfestans 


Table 3- Growth parameters of potato plants treated with different fem extracts 



Treatment 

Seedlmg 
Emergence(%) 
(after 7 days) 

No of LeafSize(cm) 
leaves/plant 

length width 

Dry 

Biomass 

(g) 

Mean Shoot No of 

Length(cm) Tubers/ plant 


Control 

76 7 

42 5 

68 

34 

2 65 

25 3 

14.2 


Ti 

71 3 

35 4 

62 

34 

2 32 

21 6 

14 2 

Fi 

Tj 

69 4 

38 6 

5 1 

42 

1 98 

24 5 

16 7 


T 3 

56 5 

28 9 

69 

30 

2 65 

26 1 

16 5 


T, 

68 4 

417 

76 

42 

3 01 

28 3 

23 4 

F 2 

Tj 

74 2 

46 3 

78 

38 

3 72 

29 4 

19.6 


T 3 

52 0 

47 6 

69 

47 

4 01 

312 

26 1 


Ti 

86 5 

37 0 

57 

36 

2 98 

25 6 

12 6 

F 3 

Tj 

62 7 

32 6 

69 

42 

4 12 

32 6 

22 4 


T 3 

912 

40 5 

71 

40 

3 86 

29 7 

190 


C D 5% Treatment = 0 21 Data based on av of 25 plants for each treatment 

Fi= Adientum remforme, 7 2 = Dryoptens filix mas, 7y= Polypodium decorum 
Ti= Root extract, T 2 = Stem extract, T 3 = Leaf extract 


Management of diseases occurring m economically important plants and 
cultivated crops has been a challengmg job for the scientists dunng past few decades 
The mdiscmrunate use of chemicals m the form of fiingicides, pesticides, insecticides, 
and herbicides are causing serious problems m the overall environment Hence' 
alternative approaches, free firom such problems, needs to be evaluated Use of crop 
allelopathy and allelocheimcals for disease control may be a sound alternative, 
provided adequate and relevant informations are gathered 

Phytophthora mfestans is the causal agent of late blight which is by far the most 
senous disease of potato A lot of eiqienmental works are m progress all over India to 
find suitable measures of controlling the disease The use of plant extracts, besides 
being harmless, the cost will be neghgible in comparison to chemical fungicides 
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Moreover, it causes tmminum distortion to the plant organs and also have virtually no 
side effects The present study suggests that species of fern plants such as Adientum, 
Dryoptens, Polypodium etc , which are widely distnbuted anywhere, may be used to 
minimize the spread of the disease 
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Abstract 

Studies on phytoplankton primary production m Hemavathy reservoir durmg 2000-02 revealed 
that both the gross and net primary productions were more (677 09 & 424 63 gC/mVy) m the 
first year as compared to second (571 80 & 355 01 gC/mVy) year pnmanly because of 
favourable climatic and edaphic conditions coupled with more inflow and less outflow m the 
first year Commumty respiration was not varied widely (253 04 and 216 81 gC/mVy) m the 
two years respectively Pnmary production showed high correlation with specific conductance, 
total alkalmity, and hardness Potential fish yield was 1 00 kg/ha/y agamst the present harvest at 
20 kg/ha/y leavmg enough scope of augmentmg fish production through sustainable 
management practices 

(Keywords pnmary production/ limno-chemistry/ fish yield potential/reservoir). 

Introduction 

The peninsular State Karnataka is adorned with its impressive reservoir resources 
havmg tremendous untapped potentiality Ph 5 d:oplankton pnmary production coupled 
with systematic study on limno-chemistry could be utilized as mdices of trophic status 
mcludmg assessment of fish production potential of such water bodies Well 
documentation m this aspect has been made m some tropical Indian reservoirs^'^ Due 
to location specificity with wide vanations m their morphometry, catchment 
characteristics, degree of climatic and anthropogenic interventions these water bodies 
are to be studied mdividually to unravel the problems related to fishing management 
Bamng the works on Tungabhadra®, Vamvilas Sagar’ Markonahalli*, Supa® and 
Manchanbele*® scientific information m this aspect on Karnataka reservoirs is very 
meagre This mvestigation on pnmary production was made on 48 occasions m even 
months m Hemavathy reservoir, Hassan, Karnataka emphasizing nature of 
productivity profiles m relation to limno-chenucal features Fish production efficiency 
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of this reservoir was also worked out to formulate sound and sustainable management 
norms for development of this water body 

Study area 

Hemavathy reservoir (latitude 12° 40' N and longitude 76° 30' E) across the rivers 
Hemavathy and Yagachi, the tnbutanes of nver Cauvery was constructed m 1979 at 
Gorur, 20 km from Hassan distnct, Karnataka Though, basically meant for irrigation 
purpose, a hydel project (4 0 MW) has come up m 1997 on the left bank of the 
reservoir Of late, construction of another hydel project is at full swmg with 4 0 MW 
capacity at the right bank canal mouth Certam salient morphometnc and 
hydrographic charactenstics of this reservoir has been presented m Table 1 

Table 1~ Salient morphometnc and hydrographic features of Hemavathy reservoir 


Latitude 

Elevation (m asl) 
River bed (m asl) 
River 

Year of construction 
Catchment (C) (km^) 
Area (A) (ha) 

C/A 

Maxium depth (m) 
Mean depth (m) 
Capacity (10^ m^) 
Total inflow (10^ m^) 
Flushing rate 
Volume development 
Shore development 


12M0’(N) 

890 62 
850 42 

Hemavathy and Yagachi 
1979 
2800 
8502 
33 

40 20 
12 40 
1050 63 
3646 
3 47 
0 92 
160 
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The lentic of Hemavathy is located m a sprawled area whereas, its lotic is 
confined in mostly gorgy basm. In lentic zone, the shoreline is even with gentle slope 
having extended httoral sectors The catchment to reservoir ratio (C/A), an mdex of 
allochthonous mputs is moderate (33) 


The climatic condition surroundmg the reservoir is mainly dry The annual ramfell 
m the catchment vanes from 200 to 450 cm, decreasmg from west to east Major 
catchment area is hilly with forest cover along with coffee plantations and cultivated 
land Deep to very deep soil predominates m this area Soil texture is mostly clay- 
loam to sandy-clay-loam 


Materials and Methods 

The experiment mvolved monthly in situ measurement of primary production for 
two consecutive years, from August 2000 to My 2001 (first year) and August 2001 to 
My 2002 (second year) followmg Vollenweider" using light and dark bottles Two 
sites were selected m the lentic zone, one m the Hemavathy nver side (Lentic Right, 
LR) and the other one m the Yagachi nver side (Lentic Left, LL) (Fig 1) The bottles 
were mcubated for 4 h between 10 00 and 14 00 hours Dissolved oxygen was 
estimated immediately after exposure by Winkeler's method Average hourly rates 
were multiplied by the hours of sunshme to get the daily rates Estimation of per umt 
surface area for primary production as well as commumty respiration was made by 
mtegratmg the v^ues obtamed at different depths of the water column startmg from 
immediate subsurface followed by 1 m, 2 m, 3 m and 4 m below from the surface 
Annual measurements were calculated by sumnung up the monthly values followmg 
Peterson'^ Physico-chemical features of water were deteimmed as per standard 
methods^^ 


Results and Discussion 


Environmental character 

The reservoir started filling by the end of June or early July due to early rams m 
Hassan, reaching its maxunum water level of 40 20 m by the end of August and early 
September Water level was not stabilized m subsequent post-monsoon mont hs due to 
heavy draw down by hydel project as well as through imgation canal 
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The reservoir received lesser inflow (1609 08 x 10® m^) m the second year as 
compared to fevourable inflow (2388 27 x 10® m^) m the first year when water level 
touched the FRL (Fig 2) Water temperature at the surface varied smusoidally rangmg 
between 22 0°C and 28 3°C with summer high and monsoon/wmter low 
Transparency did not show any clear seasonality due to erratic rainfall m the second 
year and gravelly soil character m the catchment (Fig 3) Secchi disc depth recorded 
minimum at 0 95 m and maximum at 2 55 m with an overall mean at 1 94 m Thus the 
euphotic zone extended between 3 0 and 6 0m Moderately nch electrolyte (mean 
specific conductance 96 60 pS/cm) with poor total alkalimty (mean 36 88 mg/1) as 
well as hardness (mean 27 67 mg/1) was the charactenstics of this reservoir, not 
sigmficantly differed from other Cauvery Basm (CB) reservoirs of Karnataka'^' The 
nutnent regime was moderate with the ennchment observed durmg monsoon as 
well as m some summer months sigmfying moderate productivity of this reservoir 
(Table 2) 


Table 2- Salient limno-chemical features of water of Hemavathy reservoir (2000-02) 


Parameters 

Range 

Average 

Temperature (®C) 

22 00-28 25 

24 98 

Transparency (m) 

0 95-2 55 

1 94 

pH 

6 75-8 47 

7 58 

Specific conductance (pS/cm) 

65 00-130 00 

96 60 

Dissolved oxygen (mg/l) 

645-7 85 

717 

Total alkalinity (mg/I) 

28 00-50 00 

36 88 

Total hardness (mg/l) 

16 00-38 00 

27 67 

Nitrate-N (pg/1) 

27 50-350 00 

159 29 

Phosphate-P (pg/1) 

10 00-200 00 

64 58 

Total-P (pg/l) 

10.00-590 00 

132 40 

Silicate-Si (mg/l) 

0 35-6 31 

2 62 
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Fig 3- Temporal variation m water level & transparency m Hemavathy 
Primary production 
Gross primary production (GPP) 


Vertical profile of gross primary production showed marked monthly fluctuation 
m both the sectors with smgle or bimodal peak Smgle peak was observed m 2000-01 
dunng September (LR), December, January, March and June (LL), smgle but 
extended peak was noticed m February, November, May and July (LL) On the 
contrary, dichotomous profiles with more than one maxima were common m August, 
September (LL), October, January Apnl, May, June and July (LR) With some 
modifications, the vertical depth profiles m 2001-02 with smgle peak was noticed only 
m February (LR), smgle but extended peak was more promment m September (LL), 
November, December, January (LR) and February (LL) Dichotomous profiles wiA 
more than one maxima were found m August, September, (LR), October, December, 
January and March (LL) (Fig 4) 

Bmiodal productivity profiles are eiqilamed m terms of change m light regunen 
and the eco-physiography of the phytoplankton Production curves with multiple 
maxima are said to be common m small lakes^^ According to Fmnegg'^ dichotomous 
ciOTes are characteristics of certam lakes and it is also equally clear that, m a lake, the 
shape of production curve can change seasonally. In the present study, the thermal 
sfratification was less marked due to low vanahon m surface and bottom temperature 
J ^th continuous drawing of reservoir water for hydel purpose, 

thereby allowing the even distnbution of bimodal peaks year round m this water body 


Water level (m asl) 
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Sub surface maxima occurred m most cases (42 out of 48) at 1 0 & 3 0 m depth 
and 2 0 & 3 0 m depth from the surface m the first and second year respectively 
suggestmg evidence of surface photo inhibition as also observed by Lewis'’ m lake 
Lanao, Philippmes In a Sn Lankan reservoir, Dokulil et a/'® observed photo 
inhibition m 10 out of 22 experiments Same was also true m case of Manchanbele 
reservoir (MBR), a CB reservoir, near Bangalore, Karnataka where sub-surface 
maYima were encountered m 17 out of 26 expenments’® Some of the depth profiles 
were characterised by lower production per umt area and some were with extended 
area havmg substantial production per umt area Thus, hourly mtegrated gross 
production (2A)(mgC/m’/h) exhibited wide vanations from August to July to the tune 
of 150 & 300 mg (mean 231 88) and 165 & 292 5 mg (mean 195 83) m the first and 
second year respectively The daily mtegral production (ZZ A) (mgC/m’/d) fluctuated 
between 1200 & 2400 and 1320 & 2340 mg m the first and second year respectively 
with an annual mean of 1855 & 1567 mg m those two years respectively 

Thus, there was change m the shape of the vertical profiles encountered durmg 
first and second year In the first year, the profiles were charactensed by higher 
production per umt area m contrast to lower production per umt area m the second 
year with the absence of marked maxima and truncated distnbution (as depicted from 
Fig 5a) when the reservoir received poor inflow 

Gross pnmary production exhibited distmct seasonality with mcreasmg trend 
during post-monsoon months (October-January) m both the years and troughs m 
monsoon (August-September) and early pre-monsoon (Apnl-May) penods Temporal 
changes of primary production m tropical lakes as designed by Melack'® are i) well 
defined seasonal fluctuations caused by rams or vertical mixmg, ii) narrow seasonality 
and m) abrupt changes with narrow seasonality Though, Indian reservoirs exhibitmg 
all the three patterns of production’, Hemavathy reservoir showed the first type where 
low photosynthetic rate’° was observed m monsoon as influenced by ram with the 
dilution of nutnents and m early pre-monsoon with low phytopianktoii ucjusity^’ due 
to low nutnent content. 

Gross primary production showed a little difference m peaks and troughs so far as 
spatial variation is concerned as observed m lentic right and lentic left sectors (Fig. 
5a ) A sharp peak in June m both the years as well as m both the sectors was due to 
lowest water level corresponding to high plankton density’' 

The tenqioral and spatial variation in Amax, the hght saturated rate of 
photo^synthesis, which is an mdicator of the capacity of a lake to produce and sustam 
algae has been depicted m Fig 5b. In the 1st year, Amax maintamed markedly and 
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consistently higher rate than the second year, probably due to higher algal biomass m 
the first year The maximum values of Amax (mgC/m^/h) were recorded m June m 
first year were 112 50 and 103 13 m lentic left and lentic nght respectively comcidmg 
with file highest plankton densit}^’ in this month In the second year, Amax was 
maximum m June m the lentic nght sector (93 75) and January m the lentic left sector 
(75 00) In MBR, the maxunum Amax value recorded was 230 mgC/m% by Knshna 
Rao et al A maximum value of Amax (989 mgC/m^/h) has also been recorded^ m a 
shallow, small Nelligudda reservoir, near Bangalore 

Net primary production (NPP) 

The hourly net primary production (mgC/m^/h) vaned widely from 62 5 to 222 5 
and 90 to 160 m the first and second year respectively and was distnbuted over a 
much narrower depth than gross production The average annual net production was 
145 42 and 121 58 mgC/m^/h m the first and second year respectively (Fig 5c) 

Community respiration (CR) 

The rates of respiration m the euphotic zone were m higher side dunng August, 
September, January (LR), March (LR), Apnl and May (LL) m the first year and 
August, January, Apnl and Jime (LR) m second year The average CR was higher m 
the first year (86 66 mgC/m^/h) £is compared to second year (74 25 mgC/m%) (Fig 
5 c) The commumty respiration rate m Hemavathy reservoir signifies the dominance 
of autotrophic food cham rather than heterotrophic one^* 

P-R ratio 

Odum^"* designed the idea of determinmg P-R rano m order to define a 
commumty type and also the concept of autotrophy and heterotrophy The P-R ratio 
fluctuated widely to the tune of 1 6 to 4 2 in 2000-01 than the second year 2 0 to 3 3 
The ratio vaned greatly with seasons, higher values m post-monsoon and late summer 
(Fig 5d) The trough m monsoon was due to dilution effect of nutnents gettmg 
reflected m the low phytoplankton density Same was true m early pre-monsoon also 
with low population of phytoplankton commumty^* In productive waters P-R ratio 
remams low^^ In this study, the annual mean of this ratio was around 2 6, suggesting 
that the water body was moderately productive. 

Annual primary production and energy transformation 

Data on annual primary production (Table 3) computed from the average daily 
rates indicated that both GPP and NPP vaned greatly m both the years. The values 
were 677 09 & 424 63 gC/mVy m the fiist year and 571 80 & 355 01 gC/m^/y in the 
second year 
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Energy m the form of photosynthetic primary production was estimated to be 
67 71 X 10^ and 57 18 x 10^ Kcal/ha/y m this reservoir with assimilation efficiencies 
62 71% and 62 08% m 2000-01 and 2001-02 respectively 
Table 3- Annual primary production and commumty respiration m Hemavathy reservoir 




GPP 

NPP 

CR 

2000-01 

gC/mVy 

677 09 

424 63 

253 04 

2001-02 

gC/mVy 

571 82 

355 01 

216 81 


Correlation matrix 

Primary production showed strong positive correlation with dissolved electrolytes 
(r = 0 745, p<0 01)and total alkalmity (r = 0 656, p<0 01) Same was true m case of 
net primary production and total hardness also Weak correlation observed amongst 
production and dissolved nutnents might be due to their qmck turn over The 
importance of nitrogen and phosphorus as lumting factors for primary production is 
well documented^® Absence of correlation between production and transparency 
noticed in Hemavathy has also been observed by Das® suggests that variation in 
transparency was not due to algal biomass alone (Table 4) 

Fish production potential in Hemavathy 

The very basis of reservoir management for augmentmg fish production 
sustainably is to predict fish yield potential Several mdices have been proposed time 
to time to correlate fish yield to physical, chemical as well as biological features^’ 
However, each model has its own limitation in prediction m a particular situation^*'^® 
Me Connel et al found the conversion efficiency from GPP to fish yield m the range 
between 0 1 and 1 6% m natural waters At present, m Hemavathy, with provisional 
management, the maximum fish harvest was 20 kg/ha/y amounting a total of 100 t of 
fish catch annually 

The yield potential estimated through GPP provides a fairly dependable 
lunnological gmde to fish productivity m Indian reservoirs®’ The targeted potential 
fish yield (TPFY) estimated through Melack's’® model, MDI®^ and biomass 
calculations®® were 36, 25 and 140 kg/ha/y respectively Assuming a judicial 
conversion efficiency of 0 2% GPP, the TPFY of Hemavathy would be around 100 
kg/ha Fish conversion efficiency from GPP based on present landmgs of fish would 
have given the real conversion efficiency of the target reservoir At present 20% of 
TPFY IS bemg harvested from Hemavathy So, there is still enough scope of 
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increasing fish production even up to 50-60% of TPFY, which could be achieved 
easily through scientific management norms 

Table 4- Correlation matnx 



GPP 

NPP 

CR 

PR 

Temperature 

-0 292 

-0 375 

0 193 

-0 372 

Transparency 

-0 164 

-0 246 

0 183 

-0 197 

pH 

0 059 

0 165 

-0 224 

0 161 

Sp conductance 

0 745** 

0 663** 

0 145 

0 542** 

Diss oxygen 

-0 073 

-0 151 

0 165 

-0 257 

Total alkalimty 

0 656* * 

0 576** 

0 144 

0 526** 

Total hardness 

0 264 

0 409* 

-0 318 

0 514* 

Ca^ 

0 394 

0 447* 

-0 125 

0 525** 

Mg"" 

-0 017 

0 160 

-0 377 

0 241 

cr 

-0 132 

-0 037 

-0 202 

0 051 

Nitrate-N 

0 057 

0 029 

0 052 

-0 004 

Phosphate-P 

-0 283 

-0 432* 

0 322 

-0 526** 

Total-P 

-0 106 

-0114 

0 016 

-0 192 

Silicate-Si 

-0 521** 

-0 312 

-0 421* 

-0 149 

Significant at (*) 0 05 

= 0 4043 and (**) 001 

= 05151 
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Abstract 

Five fungi, (Aspergillus sp ABp4, Penicillium oxalicum, Aureobasidium pullulans, Mycotypha 
afncana and Syncephalastrum racemosum) were undertaken for examining the effect of 8 
ammo acids (alanme, arginme, glycme, histidme, leucme, omithme, serme and valme) on 
growth and siderophore production The ammo acids mcreased both growth and siderophore 
production m 1 8 fungi, decreased both m 7, mcreased siderophore with decreased growth m 8 
and vice versa m 7 fungi However, alanme always showed a positive effect on siderophore 
production Total suppression of siderophore production was noted for 3 fungi A pullulans (by 
glycme and valme), M afncana (arginme, glycme, leucme and serme) and S racemosum (by 
glycme and valme), 

(Keywords fungi/ growth/ siderophores/ ammo acids) 

Introduction 

Siderophores are low molecular weight (<1000D) virtually Fe (III) specific 
ligands produced by microorgamsms to combat low iron stress^’^ They facilitate the 
solubilization and transport of iron mto the cell by a cognate transport system No 
system analogous to siderophores has been known for any metal ion, thus, makmg 
iron unique m requirmg such specific ligands 

Organic acids, sugars, enzymes and vitamms serve as growth substrates and are 
responsible for enhancing microbial activity in the soil or m the rhizosphere^ Bacteria 
and fungi predominate m the soil because they can utilize these organic compounds 
Root exudates affect growth and metabolite production of these organisms and hence 
determine the size of microbial populations m the bulk soil or m the rhizosphere"^ 
Siderophore production is influenced by mmerals^, ammo acids^, peptones^ and 
carbon sources^’^ The biosynthetic pathways of siderophores are tightly connected to 
aerobic metabolism mvolvmg molecular oxygen activated by mono-, di- and N- 
oxygenases and the use of acids onginatmg from the final oxidation of the citnc acid 
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cycle, such as citrate, succinate and acetate Moreover, all siderophore peptides are 
synthesized by non-nhosomal peptide synthetases and in the case of fungal 
siderophores are mainly bmlt up from omithme, a non-protemogemc ammo acid^° 
Thus, ammo acids play a key role m simple bidentate ligands as bmldmg blocks 

The present paper deals with the influence of ammo acids on siderophore 
production by test fongi 


Materials and Methods 

F ling! Five fungi, {Aspergillus sp ABp4, Pemcillium oxabcum, Aureobasidium 
pullulans, Mycotypha afncam and Syncephalastrum racemosum) were undertaken for 
the study All these fimgi were grown and mamtamed on potato dextrose agar 
medium” and stored at 4‘’C These were potent siderophore producers as confirmed by 
the FeCls test’^ CAS assay'^ and CAS agar test”’*'* 

Media for siderophore production The first three fungi, belongmg to Asco- and 
Basidiomycota, were grown m Gnmm-Allen medium'^ contammg (per liter of 
distilled water) K2SO4 Ig, ammomum acetate 3g, K2HPO4 3g, citnc acid Ig, sucrose 
20g and adjusted to pH 6 8 with ammoma The medium was then supplemented with 
thiamme 2mg, CUSO4, 5H2O 0 005mg, MnS04, 4H2O 0.035mg, ZnS04, 7H2O 2mg, 
MgS04, 7H2O 80mg The remammg two belongmg to Zygomycota, were grown m 
Modified M9 medium’® contammg (per liter of distilled water) glucose lOg, 
Na2HP047g, KH2P043g, NaCl 0 5g, NH4CI Ig, MgS04 0 25g, CaCl2 0 015g, and 
adjusted to pH 7 2 The medium was supplemented with thiamme 0 005g and ZnCl2 
0 015g 

All glass wares were soaked overnight m 6M HCI and rmsed with distilled water 
several times to remove traces of iron’^ 

The above media were decontammated of iron by addmg 8-hydroxyqumolme 
dissolved m chloroform When shaken this formed ferrous or feme hydroxyqumates 
After separation, the chloroform layer was removed and the medium was washed 
repeatedly with chloroform to ensure complete removal of iron complexes and any 
residual 8-hydroxyqumolme, which could inhibit growtili’^ All the above media were 
dispensed m 50 ml volume m 500 ml flasks 

Both the media were supplemented with Ig/L of each ammo acid (alanme, 
arginme, glycme, histidme, leueme, ormlhme, serme and valme) mdividually After 
15 days, the growth and siderophore production were noted The cultures were filtered 
usmg Whatman No 42 filter paper and the mycehal mats were dned at 60°C for 48h 
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for measuring dry weight'*, while the cell-free culture filtrates, obtamed by filtration, 
were examined for the siderophores by the CAS assay The amount of siderophore 
was extrapolated by using a standard curve prepared for desferal (as hydroxamate) 
and rhizoferrm (as carboxylate) and denoted as pg/ml 


Results and Discussion 

The data (Table 1, Fig 1) suggest that (I) ammo acids mcreased both growth and 
siderophore production, (II) inhibited both or (III) mcreased one and (TV) decreased 
the other Extreme effect was noted when siderophore production was curtailed m 
presence of certam amino acids 

Among the first category, Aspergillus sp ABp4 was the only fimgus that showed 
nse m both growth and siderophore production with all the eight ammo acids The 
next best positive effects were seen widi A pullulans and S racemosum, m w'hich also 
both growth and siderophore production were mcreased, m presence of 5 and 4 ammo 
acids, respectively, while P oxabcum showed similar mcrease m both with only one 
ammo acid (valme) The opposite response le decrease m both growth and 
siderophore production, was most promment m M afncana with four ammo acids 
(argmme, glycme, leucme, serme), followed by P oxabcum with two (argmme, 
ormthme) and S racemosum m one case (valme) 

Rise m siderophore production with fall m growth was recorded maxunally with 
four ammo acids (alanme, histidme, ormthme, valme) m M afncana, followed by P 
oxabcum with three ammo acids (alanme, leucme, serme) and A pullulans only with 
leucme 

The mcreased growth but reduced siderophore production was noted with three 
ammo acids (glycme, histidme, leucme) m case of S racemosum, and with two ammo 
acids mP oxabcum and A pullulans 

Maximum siderophore production was seen m M afncana (4050 |ig/ml) m 
presence of histidme among Tygomycetes, whereas it was found to be maximum m P 
oxabcum (191.24 p.g/ml) m presence of leucme among the asco- and basidiomycetes 

Maxnnum growth was observed m presence of leucme (516 4 mg/ 50 ml) m 
Aspergillus sp. ABp4 followed by A pullulans (491 9 mg/50 ml) m presence of 
glycme 



Table 1- EfFect of ammo acids on growth (mg/50ml) and siderophore production (|ig/ml) 
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Fig 1- Effect of ammo acids on mycelial growth (dry wt, mg/50 ml) and siderophore production at 
630 nm (pg/ml) 
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S racemosum (3) gly, his, leu 


A pullulans (5) ala, arg, his, om, ser 

P oxalicum (2) gly, his 


S racemosum (4) ala, arg, om, ser 

A pullulans (2) gly, val 


P oxalicum {\) val 




If we see the performance of the vanous ammo acids (supportive/inhibitory), it 
was not uniform Only alanme always had a positive effect on siderophore production 
Others decreased or mcreased the siderophore production for the different fungi 


Total suppression of siderophore production by ammo acids was noted for A 
puUulans (by glycme and valme), M afncana (argimne, glycine, leucine and serme), 
and S racemosum (glycme, valme) 

Dave'^ noted invariably higher growth and siderophore production for four fiingi 
VIZ Aspergillus ochraceous, Penicillium citnnum, Penicillmm camembertii and 
Neurospora crassa However, Korat^° observed that the mfluence of the ammo acids 
was not always stimulatory As we have noted, she also found mcrease m growth as 
well as siderophore production, enhancement of one, but reduction in the other 
(growth/ siderophore production) or decrease m both growth and siderophore 
production She also observed that alanme always had a positive effect i e enhanced 
both growth and siderophore production for the three test fimgi viz Mucor mucedo, 
Rhizopus oryzae and Syncephalastrum sp We too have made a similar observation 
with alanme, which enhanced siderophore production for all the 5 test fimgi 
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Abstract 

Foliar application of L-phenylalamne and cinnamic acid mcreased phenylalanme ammoma 
lyase (PAL) activity m pea leaves and reduction of comdial germination of the pea pathogen 
Erysiphe pisi was correlated with mcreased PAL activity m pea leaves 

(Keywords Cinnamic acid/L-phenylaianme/phenylalanme ammoma lyasdErysiphe pisi) 

Introduction 

Plants possess a wide array of defence against diseases by a combination of 
constitutive and inducible mechamsms Among important products of these defence 
responses are enzymes that are mvolved m the flow of carbon from primary to 
secondary metabolism m plants and secondary metabohtes such as phenohcs* These 
compounds play an important role in plants against fungal infection^ Phenylalanme 
ammoma lyase (PAL, EC 4 3 15) is the first committed enzyme m the 
phenylpropanoid pathway leadmg to the conversion of L-phenylalamne mto t- 
cinnamic acid with the elinunation of ammoma^ Many plant-specific 
phenylpropanoid branch pathways and their corresponding functional diversity are 
basically ongmated from the core phenylpropanoid metabolism mitiated by PAL^ In 
both constitutive as well as systenucally mduced defence responses, magmtude of 
accumulation of phenolics may be governed by the PAL activity and essentially 
depend upon the availability of the precursor (L-phenylalamne)^^ The end-product 
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cumaimc acid and its denvatives, e g , cumamic, coumanc, vanillic and synapic acids 
and other abiotic fectors also affect PAL activity^'* and therefore, play important role 
m defense me chanisms Present mvestigations conducted to determme the effect of 
both, the precursor and the end-product cinnamic acid, on PAL activity m pea (Pisum 
sativum) The response of exogenous applications of L-phenylalanme and cinnamic 
acid on g erminati on of comdia of E pm was also assessed 

Materials and Methods 

Pea (P sativum) (var Arkel) seeds were sown m plastic pots (15 cm dia ) and 
kept at 25 ± 2”C m a glasshouse m a light source of Plulips Son- T lamps on a 12 h 
li^t/dark photopenod Twenty one day old plants were sprayed with different 
concentrations (50,100 and 150 ppm) of L-phenylalanme and cinnamic acid prepared 
m 0 1% Tween-20 Fresh leaves of pea were harvested after 24, 48, 72 and 96 h of 
treatment for the analysis of phenylalanme ammoma lyase activity by usmg 
spectrophotometer The enzyme extract was prepared as per the metiiod of Havir et at 
TTie enzyme was extracted by suspending 0 5 g of fresh pea leaf tissues m borate 
buffer (0 2M, pH 8 7, 4ml) at 4°C Reaction mixture containmg Iml enzyme extract, 
2 0 ml borate buffer, and 0 2 ml 0 IM L-phenylalanme was mcubated at 32 ± PC for 
30 mm After mcubation, the enzyme reaction was stopped by addmg 0 5 ml of IM 
Tnchloroacetic acid The cinnamic acid thus formed at the end of mcubation time m 
the whole reaction mixture was fractionated thnce with ethyl acetate (5 ml x 3) The 
upper orgamc layer was pooled together and evaporated to dryness under vacuum 
The ethyl acetate fraction was further dissolved m 1 0 ml me&anol and volume of 
each sample was made up to 2 0 ml m methanol prior to spectroscopic analysis at 290 
nm 


Different sets of healthy plants (21 day old) were sprayed with different 
concentrations of L-phenylalanme and cmnamic acid Comdia of E pm were gently 
tapped from a heavily infected pea plant holding over the leaves of healthy pea plants 
24 h after the spray of chmucals The concentration of E pm comdia was 200-300 
per mm^ on the pea leaves Comdial germination on healthy and treated pea leaves - 
was recorded after 24 and 48 h of treatment Statistical analysis was performed usmg 
Origm software 


Results 

Treatment with different concmtrations (50,100,150 ppm) of L-phenylalanme 
mcreased activity of phenylalanine ammonia lyase (PAL) in comparison to control 
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(Fig 1) Pea leaves treated with 50 ppm L- phenylalanme, maximum PAL activity 
was observed after 24 h of treatment At 100-ppm concentration, PAL activity 
decreased Imearly up to 96 h However, pea leaves treated with 150 ppm L- 
phenylalanme, PAL activity mcreased Imearly and maximum activity was observed at 



Application of cmnaimc acid also mcreased PAL activity but to a lesser extent 
compared to L-phenylalanme treatment (Fig 2) Maximum PAL activity was 95 8 nM 
cumamic acid/min/g fresh wt after 24 h at 100 ppm Smnlarly, maximum PAL activity 
(95 3 nm cinnamic acid/min/g fresh wt) at 72 h was observed at 50 ppm cmnanjic 
acid At 96 h, maximum PAL activity was observed at 50 ppm (83 6 nM cinnamic 
acid/min/g fresh wt) However, PAL activity was higher than their controls m all the 
concentrations 

Treatment with both L-phenylalanme and cinnamic acid significantly reduced \ 
comdial gerimnation of E ptsi on pea leaves (Table 1) It is evident from the results 
that the concentrations of 100 and 150 ppm of both the compounds were equally 
effective m inhibitmg comdial germmation of comdia as compared to control It is 
evident from the results that exogenous L-phenylalanme treatment was more effective 
m reducmg conidial gemunation as compared to cinnamic acid treatment on pea 
leaves 
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■88 — control 



Fig 2“ Effect of ciimaiiuc acid on PAL activity of pea leaves 

Table 1- Effect of L-phenylalanine and cmnamic acid on comdial germination (%) of Erysiphe pm on 
pea leaves 


Concentration (ppm) Coiudial germination (%) 


Time (h) after moculation 24 48 


24 48 


L-phenylalanme 

50 

36±2 6 

54±1 3 

100 

24±1 8 

37±2 1 

150 

22±1 3 

32±1 3 

Cinnamic acid 

50 

40±1 6 

61±2 1 

100 

32±2 1 

53±0 8 

150 

33±2 3 

51±1 8 

Control 

52±1 5 

68±1 5 
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Discussion 

Plants may accumxilate phenolics as a function of PAL activity as a means of 
passive defence’ and the magmtude of the accumulation pnmanly depends on the 
supply of the primary precursor, L-phenylalanme^ Foliar application of L- 
phenylalanme on pea leaves caused greater PAL activity as compared to untreated 
control IS m conformity with the observations of Da Cunha’ Increase m PAL activity 
IS said to be circumstantial and also controversial It has been shown that cinnamic 
acid and their denvatives inhibit PAL activity while cinnamic acid was shown to be 
ineffective m sweet potato and pea* Our results mdicate that higher concentration 
(150 ppm) of cinnamic acid mcreased PAL activity Imearly till 72 h compared to 
control m pea leaves These results are m accordance to the results of Politycka'* who 
demonstrated that cinnamic acid mcreased PAL activity and phenolic contents m 
cucumber 

The result also mdicate that exogenous application or both L-phenylalanme and 
cinnamic acid (one of the products of PAL) inhibited comdial germmation on pea 
leaves, and thereby offered protection against pea powdery mildew disease Many 
studies mdicate that greater accumulation of phenolics due to mcreased PAL activity, 
offered protection agamst disease and herbivory’ 
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Abstract 

In this paper results are presented of two year study conducted on ectomycorrhizal active of 
Cedrus deodara considering the soil volume, soil moisture, pH and NPK content The 
ectomycorrhizal activity was maximum during rainy season in all the soil layers, Correlation 
between organic layer (humus) and ectomycorrhizal activity was also observed pH in the 
acidic range was observed to support maximum mycorrhizal activity m all soil layers dunng 
rainy season and humus was much acidic which supports maximum ectomycorhizae However, 
Nitrogen and Potassium were higher in litter and humus layer but Phosphorus was maximum in 
mineral soil It was also found that mycorrhizal activity’ was higher in soil with low phosphate 
content i e with Humus 

(Keywords ectomycorrhizal roots/ Cedrus deodara /seasonal distribution) 

Introduction 

Mycorrhizal fungi are major component of soil microflora in any ecosystem. 
Environmental factors and soil conditions are known to influence he mycorrhizal 
association in a given ecosystem During the development of growth of natural forest, 
a number of changes in vegetation occur which, in turn affect the physico-chemical 
attributes of the soil in which the mycorrhizae are active Hence, in the present 
investigation, it was desired to estimate the mycorrhizal activity of roots of C 
deodara. Which is a reflection of their distribution in a natural ecosystem 

Factors that influence the distribution of ectomycorrhizae are the physical 
condition of soil, temperature, moisture, interaction with other sol microbes and 
nutrient uptake etc. 

The present study was specifically aimed at estimating the distribution and 
activity of mycorrhizae m roots of Cedrus deodara Different factors like soil 
moisture, pH and NPK contents were estimated in al three soil layers (litter, humus 
and mineral soil) during different seasons for the two consecutive years 

Materials and Methods 

The experimental site located behind Shimla city, is characterized with five 
distinct seasons-summer (May-June), rainy season (July-August) autumn season 
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(September-October), winter season (November-January) and spring season 
(February-Apnl) Summer season is associated with moderate temperature and low 
humidity Ramy season is the wettest part of the year and receives about 55-70% of 
total annual rainfall, winter is very cold, snow and frost also occur m this season 

Sampling technique Soil samples were taken with an "Impact soil sampler" 
havmg a cylmdncal shape 

Soil core was removed from near the vicmity of tree species Each core was sub 
divided m the field mto base fractions litter, humus and mmeral soil 

Volume (cm^) of different fractions was deterrmned by measurmg the depth of the 
layers Mycorrhizal root tips count was done followmg Harvey et al^ Every layer of 
the soil was sieved through 25 mesh sieve and only active root tips were counted (The 
active root tips were swollen and brighter m colour than dead root tips which were 
dark and shriveled ) 

To determme percent moisture, fresh weigh of soil was taken mitially and then 
was weighed agam after drymg it m over at 1 10 °C 

For determmmg the pH, 5 gm of soil from each sample was dissolved m 25 ml of 
distilled water in ratio of 1 5 by Philips pH meter 

Soil analysis for NPK content m different soil layer was done by following 
methods 

For determme available P m soil, the Olsen's method^ was used To observed 
nitrogen m litter layer of C deodara Kjeldahl method (Jackson, 1958)^ was used To 
estimate mtrogen m humus and mmeral soil, at first orgamc carbon (OC) was 
estimated by the help of Walkley and Black method'* and after that mtrogen was 
observed by Subbiah and Asija method^ and potassium was estimated by usmg a 
flame photometer 

Results 

The result of the study on distnbutional pattern of ECM m different soil layers m 
the root zone of Cedrus deodara are given below 

The ECM count m the litter layer reveals the ECM root tips count/litter of litter 
layer of C deodara was minimum durmg Nov-Jan (31 0/liter and 29 4/liter) and 
maximum durmg Sept-Oct (82 3/litter) and July-Aug (77 2/litter) for two successive 
years respectively However, the ECM root tips were absent durmg May- June 
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The two year, study on litter layer of C deodara reveals that minimum volume of 
litter was durmg Nov-Jan (162 8 cm^ and 164 8 can^) while maximum was during 
May- June (266 9 cm^ and 262 9 cm^) m both the year 

The percent moisture of litter m the litter layer of C deodara was minimum 
durmg May-June (13 1% and 15 5%) and maximum durmg July-Aug (56 8% and 
60 2%) m these two years respectively 

The pH of litter layer of C deodara was minimum durmg July-Aug (6 2 and 6 1) 
and maximum durmg May-June (6 5 and 6 4) m the two years respectively 

The percentage of mtrogen m litter layer of C deodara was minimum Nov-Jan 
(0 7% and 0 8%) m these two years and was maximum during July-Aug 1 3% m first 
year and dpnng May-June of the second year it was 11% 

The percentage of phosphorus m litter layer of C deodara was mimmum durmg 
Nov-Jan (0 05% and 0 06%) and maximum durmg July-Aug (0 111% and 0 1 14%) m 
these two years respectively 

The percentage of potassium of litter layers of C deodara was minimum durmg 
Nov-Jan (2 9% and 2 8%) and maximum durmg May-June (3 6%) m the first year and 
Sept-Oct (4 1%) m second year 

The ECM root tips/hter in humus of humus layer of C deodara was minimum 
durmg Nov-Jan (126 8/hter and 128 8/liter) and maximum durmg July-Aug 
(406 7/liter and 405 1 /liter) m first year and second year respectively 

With regard to volume of humus m the humus layer C deodara, it was lowest 
durmg May-June (207 6 cm^ 204.7 cm^, and highest durmg Sept-Oct (43 1 7 cm^ and 
43 1 7 cm^) m both the years 

The percent moisture of humus m humus layer of C deodara was immmum 
durmg May-June (16 3% and 18 6%) and maximum durmg July-Aug (41 4% and 
41 7%) m first and second respectively 

The pH values m the humus layer of C deodara were rmmmum durmg July-Aug 
(6 1) and durmg Feb-Apnl (6 4) m first and second year respectively and maximum 
was durmg May-June (5 5 and 6 5) m both the years 

The mmimum percentage of mtrogen m humus layer of C deodara was observed 
durmg Nov-Jan (0 23%) and durmg Feb-Apnl (0 17%) m first and second year 
respectively and maxunum percentage was obser/ed durmg July-Aug (0 25% and 
0 26%) m 50th the year 
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The minimum percentage of phosphorus m humus layer of C deodara was during 
Sept-Oct (I 40%) and dunng Nov-Jan (1 44%) m first and second years respectively 
and maxim u m durmg July-Aug (1 9% and 1 8%) m both the years 

The minimum percentage of potassium m humus layer of C deodara was dunng 
Nov-Jan (3 01% and 3 2%) and maximum durmg July-Aug (3 4% and 3 6%) m first 
and second year respectively 

The ECM root tips/litter m mmeral soil of the mmeral soil of C deodara was 
minimum during Feb-Apnl (11 8/hter and 11 1/liter) and maximum during July-Aug 
(46 6/hter and 44 8/liter) m the first and second year respectively 

The volume of mmeral soil m the mmeral soil layers was lowest dumifj Sept-Oct 
(1703 9 cm^ and 1705 8 cm^) and highest dunng Feb-Apnl (1913 3 cm^) m first year 
and dunng May-June (1887 2%) m second year 

The percentage of moisture of mmeral soil layer was minimum durmg May-June 
(15 2%) m the first year and durmg May-June (13 9%) m the second year while it was 
maximum during July-Aug (34 9% and 34 9%) m both the years 

The pH of mmeral soil layer of C deodara was mmimum during July-Aug (6 3 
and 6 2) and maxunum dunng May-June (6 7 and 6 6) m the second year respectively 

The mmimum percentage of nitrogen m mmeral soil of C deodara was durmg 
Nov-Jan (0 22% and 0 21%) and maximum durmg July-Aug (0 24 and 0 23%) m first 
and second year respectively 

The minimum percentage of phosphorus m mmeral soil layer of C deodara was 
durmg Feb-Apnl (1 6%) m first year and durmg Feb-Apnl (1 687%) m first year and 
maximum durmg July-Aug (2 004% and 2 102%) m Is and Ilnd year respectively 

The mimmum percentage of potassium m mmeral soil of C deodara was durmg 
Nov-Jan (2 9% and 3 0%) and maximum dunng July-Aug (3 5% and 3 5%) m first 
and second year respectively 

The above observation were analyzed by One Way ANOVA test for different 
factors m different layers The F-ratio was significant durmg different seasons The 
DMRT (Duncans Multiple Range Test) was applied to find out the significance of 
difference durmg diflferenti seasons 



Table 1~ Minimum and Maximum values ol ECM root tipslliter, volume of soil, moisture percentdge,pH and NPK percentage m litter, 
humus and mmeral soil dunng this para of two years 

Soil Layers 

1st year Und year 

Litter Humus MmoralSoil Litter Humus Mmeral Soil 
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le significant and non-significant values between maximum and minimum values are given in Tabic 1 (Sigmficance is sbovtoi by 
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Discussion 


The observations made on the distnbution of ectomycorrhizae m Cedrus deodara 
reveal that during the two years of study maximum litter was encountered durmg 
May-June This is supported by the fact that these months comcide with the 
denudation 

The ECM count m litter layer was maximum dunng Sept-Oct followed by July- 
Aug m the first year dunng Juiy-Aug m second year The moisture content m this 
layer was also maxunum during this season This shows a close relationship between 
ECM count and moisture content Similar relationship m ECM count and moisture 
content was also recorded by Warley and Hasckalyo® corroborating the findmgs of the 
present study 

Like htter the maximum ectomycorrhizal activity m humus and mmeral soil was 
observed dunng ramy season when the, soil moisture was also maximum. Dunng 
ramy season however the litter layer had more moisture content than humus and 
mineral soil. In the rest of the seasons it was the humus layer, which supported 
maximum moisture This is possibly because of the reason that humus layer has 
greater water holding capacity Hence it also shows greater ectomycorrhizal activity 
than the other two layers (Figs 1 and 2) The ability of soil orgamc reserves to support 
more ectomycorrhizal root activity has also been observed may scientists’"^^ They 
noticed very low number of ECM root tips m the mmeral soil (4%) as compared to the 
humus layer (61%) m their studies Tliey descnbed that the low ECM activity m 
mmeral soil is due to low moisture content and low orgamc content 

The litter layer also supported low amount of ECM activity in companson to 
humus (Figs 1 and 2) Harvey et al}^ also stated that less activity m litter is probably 
due to Its extreme vanability, hot and dry dunng summer and near freezmg during 
winter Elarim Kumar and Bagyaraj’^ also recorded similar observation m mango and 
leucaena stating that the summer months are unfavorable for mycorrhizal activity 

Since the moisture content durmg wmter season and summer season was low, the 
distnbution of ectmycorrhizal root tips seems to have decreased durmg wither season 
Mutti^^'* and Warley and Hasckaylo® have also shown that reduced soil moisture can 
change mycorrhizal relationship 



\nR 


ASHA SINGH and T.N. LAKHANP 



Fig. 1-* Minimum and maximum number of active ectomycorrhizal tips/ 
litter in each, soil layers in 1st year. 



Utter Hamus Mineral Soil 


^Minimum ■ Maximum 


Soil Layers 


Fig. 2- Minimum and maximum number of active ectomycorrhizal tips/litter 
in each soil layers in Had year. 
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Marx and Zak'"* observed that the mycorrhi 2 al activity is more when pH is m the 
acidic range In the present study ECM activity was maximum dunng ramy season m 
all the three soil layer i e , litter, humus and mmeral soil when the pH of soil was 
much acidic compared to other season is in consonance with the findmg of Marx and 
Zak'^ 

The humus layer was more acidic than the mmeral soil layer and it also exhibited 
maximum ECM activity throughout the year These observations are supported by 
Marais and Kotze'^ They studied the effect of pH on mycorrhizal development m 
Pmus patula and observed that acidic pH positively influences the mycorrhizal 
activity, which has further been supported by Lawrence*® Erland and Soderstorm*^ 
repeated that seedlmgs grown m a forest humus soil about a pH gradient from 4 to 7 5 
showed mcreased proportion of mycorrhizal root tips form 70% at pH 4 to barely 
1 00% around pH 5 and then decreased to below 40% at pH 7 

There are seasonal vanations m the availability of nutnents m natural ecosystem 
soil (Gupta and Ronson*®, Versogloa and Fitter^®) In the present study the variation m 
between seasons m all there soil layer shows differences The NPK content m soil 
layers was maximum dunng ramy season The NPK was maximum when the 
mycorrhizal activity was also maximum The nutnent content m soil seem to be 
directly related to ECM activity and both these are influence by sufficient moisture 
and acidophilic pH of the soil 

When all three soil layers are compared it was observed that mtrogen and humus 
have more N and K than the mmeral soil of chir pme while phosphorus was maximum 
m the mmeral soil Dighton and Coleman^® illushated that P-fixmg capacity of soil 
was greater m the mmeral soil than the orgamc component 

References 

1 Harvey, A E , Larsen, M J & Jurgcnsen, M F (1979) For Sci 25 350 

2 Olsen, SR, Cole, CV, Watanbe,, FS & Dean, LA (1954) Estimation of available 
phosphorus in soil by extraction -with sodium byicarbonate USDA, Cird 

3 Jackson, ML (1958) Soil Chemical Analysis Prentice Hall Inc Englewood Cliffs, New 
Jercyp 498 

4 WaMey, A & Black, C A. (1 934) Soil Sci 37 29 

5 Subhiah.BV &Asija,GL (1956) Curr Sci 25 259 

6 Warley,JF &Hasckalyo,E (1959) For Sci 5 267 

7 Mikola P (1973) m Ecton^corAiizae Their Ecology and Phisiology, eds Marks, GC & 
Kozlowaski, T T , Academic Press, New York, p 383 



298 


ASHA SINGH and T N LAKHANPAL 


8 Gobl,F {\%l)Mittd forest B undesversuchsanstalt 75 335 

9 Rayner, MC (1936) Forestry 10 1 

10 Harvey, AE , Jurgensen, M F & Larsen, MJ (l91S)For Sic 24 203 

11 Harvey, AE , Larsen, M J & Jurgensen, M F (1976) For Sic 22 350 

12 Harkikumar, K M &Bagyaraj, DJ (l9SS)Mycorrhiza for Green Asia, Qds Maliedvan,A 
N , Rainan. 

13 Uxiihah, S (1912) For Rev 51 116 

14 Maix,DH &Zak,B (1965) For 11 66 

15 Marais, LJ &Kotze, JM (\91%) For Jour 106 12 

16 Lawrence, K.S (2001) Biology of the ectomycorrhizal genus Rhizopogon 94(4) 607 

17 Erland,s&Soderstonn,B (1990) iViewP/ityto/ 117 405 

18 Gupta, M &Rorison,IH (1915) Jur Ecol 63 521 

19 Versgolou,DS & Fitter, AH (1984) Jo«r. Fco/ 72 259 

20 Dighton,! & Coleman, DC (\992) My corrhiza 1 172 



PROC NAT ACAD SCI INDIA, Vol 74, BaH) & (TV), 2004 


Anti-fungal activity of Bacillus thuringiensis var 
kurstaki on Trichoderma viride 

SAEDUL SINGH SANDHU, AARTI KANOJIYA, PRABHAT KUMAR MISHRA 
and PALLAPOTU VIKRANT 

Fungal Biotechnology and Invertebrate Pathology Laboratory, Department of 
Biological Sciences, R D University, Jabalpur - 482001, India 

Received Jamiaiy 3, 2004, Revised September 12, 2004, Accepted October 15, 2004 

Abstract 

Trichoderma vinde and Bacillus thunngiensis have gamed a pronunent stature m Integrated 
Pest Management (EPM) for the control of a broad spectrum of plant pathogemc fungi and 
several classes of insect pests respectively During our experimental work, it was discovered 
that the growth of r virufe was adversely affected when plated along with B thunngiensis vai 
kurstaki The antagonistic nature of B. thunngiensis towEnds T vinde poses a question mark 
that ■wdiether these two organisms could be apphed simultaneously m fields or not Further 
mvestigations related to the nature and biochemisby of this inhibitory molecule are m 
prospective to determme the exact biochemical steps mvolved m this inhibition 

(Keywords ; Tnchoderma vinde / inhibition / Bacillus thunngiensis) 


Introduction 

With the gradual modernization of agriculture, the pest problem has also become 
complex as it is generally admitted that the mevitable corollary of mtensive 
agnculture is the proportionate accentuation in the intensity of pest attack Integrated 
Pest Control has been the conceptual basis for most modem plant protection measures 
It developed m response to the evidence of the &ilure of pesticides due to the 
development of resistance, m the targeted species Tnchoderma vinde and Bacillus 
thunngiensis have gained a prominent stature m IPM for the control of a broad 
spectrum of plant pathogemc fungi and several classes of insect pests respectively. T 
vinde IS a potent organism serving from decades in biological control because it 
decreases or eliminates allelopathic chenucals, prevents the allelopathic effects of 
VAM fungi’, mcreases acidification of s<jil thereby chances of pathogenic fiingi are 
reduced due to antagonistic mteractions and inhibits the growth of tme 'dry rot fungus' 
Serpula lacrymans, which is the most significant fungal cause of damage to timber in 
bmlt environment m many temperate regions of the world^. B thunngiensis is the 
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most proimsmg candidate amongst all available bactenal insecticides, which has been 
successfully produced commercially and marketed m some of the most developed 
countnes of the world because it is readily available m nature and can be easily 
isolated, does not have sigmficant history of mammalian pathogenecity^ and because 
of Its broad spectrum of toxms that makes it highly potent to act on several insect 
pathogens 

In the present mvestigabon an antagomstic nature of B thunngiensjs towards T 
vmde IS reported, which poses a question mark that whether these two organisms 
could be applied simultaneously m fields or not! 

Materials and Methods 


Inoculum 

The laboratory fungal culture T vmde (BCF-18) and the bactenal culture B 
thunngiensis var kurstah (BCB-9) that were mamtamed on Sabouraud Dextrose agar 
(SDA) or broth (SD) (peptone 10 G, Dextrose 40 G, Agar 20 G and Distilled water 
1000 mL) and a semi synthetic medium (Glucose 0 1 G, Yeast Extract 0 2 G, Amm 
Sulphate 0 2 G, K 2 HPO 4 0 5 G, NaCl trace and Distilled water 100 mL)'* respectively 
were used m the present study 

Detection of fungicidal activity by the deferred agar spot test (DAS) 

The fungicidal activity was checked both on SDA and semi synthetic agar 
medium The method given by Tagg et al ^ was followed 500 pi culture of B 
thunngiensis grown for 48 h m semi synthetic broth specified earlier, was moculated 
with SDA and semi synthetic agar medium respectively, by the pour plate techmque 
m tnplicates After solidification of the medium, the mycehal mats of T vmde grown 
on SDA plates at 25 ± 1°C for three days were cut mto round agar plugs usmg a 5- 
mm-diameter cork borer was moculated on its surface. Plates were mcubated at 25 ± 
1°C and after three days, observations were made on the colony diameter of T vmde, 
as a measure of mycehal growth, followmg the method of Cagan and Uhlik® The 
measurements were recorded on three or more rephcates 

Antifungal activity at different glucose concentrations 

Semi synthetic medium with different concentrations of glucose (0 1 %, 0.5% and 
1%) were prepared, and plated with 500 }.il of 48 h grown B. thunngiensis var kurstah 
culture by the pour plate techmque m triplicates. After solidification of the medium. 
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the mycelial mats of T vmde grown on SDA plates at 25 ± 1°C for three days were 
cut mto round agar plugs using a 5-mm-diameter cork borer was moculated on its 
surface Plates were mcubated at 25 ± 1°C and after three days, observations were 
made on the colony diameter of T vmde, as a measure of mycelial growth, followmg 
the method of Cagan and Uhlik* The measurements were recorded on three or more 
repetitions Semi synthetic agar medium with the mentioned concentrations of glucose 
and which was not moculated with Bacillus thunngiensis culture were used for 
controls 

Results and Discussion 

Anti-fungal activity 

Antagonism is a phenomenon in which one microorgamsm affects the growth of 
other microorganism by severely affecting its environment From the results presented 
m Fig 1 and 2, it was evident that the growth of T vmde was normal on SDA and 
semi synthetic agar medium but was inhibited m the presence of the bactenum B 
thunngiensis var kurstaki An inhibited growth of T vmde was seen m the test plates 
(Fig 2) when compared with the control plates where no bacterial culture was present 
After three days of incubation there was green coloured pigmentation and conidiation 
m the control plates where as m the test plates growth was completely inhibited at 0.5 
cm diameter and no further growth of the fungus was observed 


□ Control 

ffiTest 

1 2 3 

No of days 

Fig 1“ Anti-fungal activity of 5 thunngiensis Ydi kurstaki vincfe grovvn on SDA mediiiin. 
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Fig 3- Effect of B thunngiensis var kurstaki and different concentrations of sugar used in the senu 
synthetic medium on the mycelial growth of T vtnde 

Microorganisms have econoxmc importance for a multitude of reasons There are 
many possibilities of addmg new orgamsms to the list of economically important 
microorgamsms by selectmg wild strams that might produce new bio-molecules Tlij 
strike back of pathogens has revitalized the search for new bio-molecules and 
compounds^ From the results presented, the antifungal activity of bactenal strain was 
evident and may be accepted because, it is well known that most, if not all, bactenal 
species are capable of producmg a heterogenous array of molecules m the c arse o^ 
their growth m vitro (and presumably also m their natural habitats) that may be 
inhibitory to other orgamsms^ Klaenhammer® and Jack et al^ have reported that 
bactenocms are polypeptide antibiotics that can pocess bactenocidal, fimgicidal, 
metal-chelatmg and immuno-modulatmg activities and that they are frequently found 
as secondary metabolites produced by various microorg anism s, such as Gram-positive 
bactena of the genus Streptomyces, lactic acid bactena and genus Bacillus Although 
it is agreed that B thunngiensis is not virulent and mvasive against fungal 



Fig 2“ Photograph representing inhibition of r vtndehyB thunngiensis vax kurstaki 
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pathogens'”, but in our case it was definitely showing antagonism against T vinde m 
vitro, which mdicates an ecological imbalance Smular antifungal activity of the 
bactenal strains has been studied by Marten et al " 

Antifungal activity at different glucose concentrations 

Fimgi bemg saprophytic or parasitic reqmre an external source of nutation Most 
of the fungi require an external source of carbon (C), hydrogen (H), oxygen (O) and 
mtrogen (N) The first of three prmciple elements are provided by carbohydrates, 
while mtrogen source may be orgamc or morgamc Among different sources of 
carbohydrates, glucose is the preferred one for nearly every fungus'* The enzyme 
system of fungi is well developed to synthesize other essential reqmrements from 
these basic elements Smce glucose is the preferred source of carbon for every fungi. 
It has been observed m this expemnent that the growth of T viride was enhanced as 
the concentration of glucose m the semi synthetic medium was mcreased from 0 1% 
to 0 5% and 1% (Fig 3) But imder similar conditions the presence of B thurmgiensis 
var kurstaki inhibited the growth of the fungus Thus, it can be concluded that the 
bactenum by itself is responsible for this inhibition of the growth of T viride 

Therefore, the results presented mdicate that B thurmgiensis has an antagomstic 
activity towards the growth of T viride Although it is agreed that B thurmgiensis is 
not virulent and mvasive agamst mammalian pathogens, it is defimtely showmg 
antagonism against T viride, which mdicate a negative ecological compatibility A 
similar case was observed by Kim et al and Sinha and Basuchoudhary’^ wherem, 
actinomycetes antagomzes various pathogemc fungi m vitro as well as m vivo 

Non-selectivity problems m pest and pathogen control have lead to an alternative 
arrangement of mtegrated pest control Although, it has been stated that simultaneous 
or sequential application of the pathogens m mtegrated control of msect pests mvolve 
a variety of mechamsms that act together causmg high mortality, but this is the case 
only agamst a smgle targeted pest In such a case, the targeted pest is counter-attacked 
by both the pathogens simultaneously makmg it highly susceptible and thereby killmg 
It Therefore, it can be argued that the mtegration of two pathogens has been very 
effective, as both the pathogens are ecologically non-disraptive control agents m view 
of their relative specificity But m cases where two different biological control agents 
are used agamst two different targeted pest it is necessary that one biological control 
agent is not mterfermg with the other biological control agent's environment and if 
this IS the case, these agents cannot be used m mtegration 
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Abstract 

Among 1S7 bacterial species considered as aeromonads, isolated from nver Narmada, at 
Jabalpur (MP), India, during August 96 to August 98, only 119 isolates were confirmed as 
aeromonads, 28 and 10 isolates were confirmed as Vibrio and Chromobactenum spp 
respectively The present study advocates the application of modem trends for the identification 
of aeromonads apart from the commercial methods 

(Keywords Aeromonads/ Vibrios/ Chromobactenum) 

Introduction 

The accurate and definitive identification of microorganisms, including bacteria is 
one of the cornerstones forming the joint foundation of the fields of microbiology and 
infectious diseases Between 1980 and the end of 1996, there was a 238% increase in 
the total number or approved names in the literature, with the number rising to 5,569 
taxa (Euzeby, 1997)' 

Aeromonads forms a large group of bacteria including different species and 
subspecies. The turbulent changes in the taxonomy witnessed over the past 1 0 years is 
referred as 'sea of change' by Carnahan (1993)^ Kannan and Nair (2000)^ and Nair 
and Carnahan (2003)'* showed the distribution of recognized species of Aeromonas 
within 14 hybridization group. The genus currently comprises of 17 species {A 
hydrophila, A. bestiarum, A. salmonicida, A caviae, A. media, A. eucrenophila, A 
sobria, A. jandaei, A veronii, A schubertii, A trota, A allosaccharophila, A. 
enchleia, A. popojfii, A. culicicola, A enteropelogenes and A icthiosmia), however, 
taxonomy of the group is not yet resolved 
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Aeromonads are cosmopolitan m distnbution, still aquatic environments 
represents largest pool of this orgamsm Therefore, source of aeromonads infection is 
generally considered as of aquatic ongm, which proves to be potential water borne 
pathogen 

Despite the taxonomic advances, enumeration of aeromonads possesses Herculean 
challenges to the microbiologists Commercial identification systems have often been 
unable to identify aeromonads to the species level or as part of the complex Often 
Aeromoms species are mistakenly identified as vibrios, with which they share many 
phenotypic charactenstics (Janda et al 1995)^ A common example of this 
misidentification mvolves A caviare bemg rmsidentified as V fluvialis (Janda et al 
I995f 

Abbott eta/ (1998)® reported the misidentification of ^ schubertii and A veronn 
biotype veronn as Vibno damsela and Vibno cholerae respectively In the first case, 
the patient was suffermg firom diarrhea, with a history of liver cirrhosis, while m the 
other case the patient needed an immediate cholecystectomy, the cultures of the 
mfected gall bladder yielded a gram-negative bacillus, presumptively identified as V 
cholerae The identifications were based upon the API 20E (API bioMeneux, 
Hazelwood Mo ) It is needless to say that, had the isolated orgamsms be screened 
with the key biochemical reactions that separate Vibnonaceae firom Aeromonadaceae, 
the misidentifications could have been avoided 

The misidentification of Aeromonas as vibnos could unnecessarily pamc the 
health care workers and professionals because of the public health significance of 
vibnos 

Thus, during the present study, an environmental survey was carried out to assess 
the problem of misidentification of Aeromonas isolated from the largest west flowmg 
nver of India, the Narmada 


Materials and Methods 

Four major samplmg stations, viz Tilwaraghat, Gwanghat, Jelhanghat and 
Bheraghat were selected, as these are surrounded by urbanized catchment areas The 
water at these samplmg stations is used for drinking, washmg, bathing, cattle wading, 
imgation, recreational and aesthetic purposes S ampling was earned out from August 
96 to August 98 at monthly intervals firom all the four s ampling stations. 
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2000ml of water samples were collected and isolation and enumeration of 
aeromonads was done following the membrane filtration techmque (Rippey and 
Cabelli, 1979, APHA, 1985)’-* 

Identification of aeromonads was done followmg morphological, biochemical and 
cultural charactenstics as descnbed by Altwegg et al (1990)® Borell et al (1998)^° 
and with the help of Sergey's manual of systematic bactenology” and PIB Computer 
Kit (1993)'^ 


Results and Discussion 

157 bactena were isolated usmg specific selective and ennchment media 
prescnbed for the isolation of aeromonads from environmental sources following the 
method of Rippey and Cabelh (1979)’ and Arcos et al (1988)'^ on the basis of 
manmtol fermentation, oxidase reaction and resistance to vibriostatic agent 0/129 Out 
of 157, only 129 bacterial isolates were considered as Aeromonas spp on the basis of 
biochemical tests as proposed by Borell et al , 1998 (Table 1) 

The remainmg 28 isolates other than the Aeromonas were identified as Vibrw spp 
(Table 2). Presumptive aeromonads were subjected to speafic biochemical tests to 
identify them up to the genomospecies level Only 110 were confirmed as Aeromonas 
(belongmg to 8 drfferent genomospecies) whereas ten isolates which gave unusual 
results were identified as Chromobactenum violaceum (Table 4) and nme isolates 
remamed umdentified up to the species level, having some unusual characteristics 
(Table ^) 

Misidentification of aeromonads as vibrios is still a contuiuing problem. The 
oxidase positive non-pigmented strains of Chromobactenum vwlaceum could be 
nusidentified as Vibno or Aeromonas species This will lead to unproper treatment of 
diseases m the absence of proper diagnosis of the causal organism. Moreover, the 
failure of commercial systems for confirmative identification of pathogenic microbes 
IS a cause of concern for climcians and microbiologists 

However, this concern is only the tip of an iceberg of a potentially larger problem 
with more important ramifications With the jidvent of the availability of commercial 
systems for rapid analysis, the number of case reports linking old agents to new 
diseases and new or unusual (rare) agents to infectious processes has risen 
dramatically Reliance on the commercial identification systems can lead to 
misidentification, which can translate into an inaccurate body of information in the 
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medical literature concerning the cluneal significance of many microbial species 
(Janda and Abbott 2002)^'* 

For the present study, nver Narmada was selected smee, it's a very important 
source of j&esh water supply m the city of Jabalpur and huge slums of populations are 
dependent upon the nver water for vanety of day to day activities, all year round Any 
misidentification and subsequent misdiagnosis and treatment could be very dangerous 


Table 1- Biochenucal tests for the presumptive identification of aeromonads isolated from nver 
Narmada at Jabalpur (August 96 to August 98) 


S No 

Test for identification 

Aeromonads (129) 

Other genera (28) 

1 

Gram stain 

- 

- 

2 

Shape 

Rods 

Rods 

3 

Oxidase test 

+ 

- 

4 

Growth m Nutnent 

•f 

+ 


broth at 37®C 



5 

Growth in Nutnent 

brothat3 7T-0% 

+ 

- 


NaCl 



6 

Growth in Nutnent 

broth at 37X-6% 

± 

+ 


NaCi 



7. 

Glucose 

4 * 

+ 


fennentation (TSI) 



8 

Acid from Inositol 

- 
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The present study provided insights into the consequences of the misidentification 
of Aeromonas spp and also suggests synergistic use of biochemical tests and modem 
methods based on DNA-DNA hybndization, RFLP of PCR amplified 16S rRNA 
genes, nbotypmg, to accurately identify this emgmatic group of pathogen 

Table 2- Confinnative Identification of 28 bactenal isolates presumptively identified as Aeromonads 
isolated from nver Narmada at Jabalpur (August '96 to August '98) 


s 

No 

Mor 

Cha 

Cul 

Cha 







Biochemical characteristics 








a 

b 

c 

d 

e 

f 

g 

h 

1 

J 

k 

1 

m 

n 

0 

P 

q 

r 

S 

t 

U 

V 

1 

C 

R 

-ve 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

4- 

- 

- 

4- 

- 

- 

- 

4- 

4- 

- 

2 

C 

R 

-ve 


4* 


+ 

+ 

+ 

+ 

- 

4- 

- 

- 

4- 

4- 

- 

- 

- 

- 

- 

- 

3 

C 

R 

-ve 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

- 

- 


-f 

- 

- 

- 

- 

- 

- 

4 

C 

R 

-ve 

+ 

+ 

+ 


+ 

+ 

- 

- 

4- 

- 

- 

- 

4* 

4. 

4. 

- 

“ 

- 

- 

5 

C 

R 

-ve 


•f 

+ 

+ 



4- 

- 

4* 

- 

- 

- 

4- 

- 

- 

- 

4- 

4- 

- 

6 

C 

R 

-ve 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

- 

4- 

- 

- 

- 

4- 

4- 

- 

7 

Y 

R 

-ve 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

- 

4- 

4- 

- 

- 

- 

4- 

4- 

- 

8 

Y 

R 

-ve 

+ 

+ 

+ 

+ 

+ 

+ 

4. 

- 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

9 

C 

R 

-ve 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

+ 

- 

- 

4- 

- 

- 

- 

4- 

4- 

- 

10 

C 

R 

-ve 

+ 

+ 

+ 

+ 

+ 


- 

- 

4- 

- 


- 

4- 

4“ 

4 - 


- 

- 

- 

11 

c 

R 

-ve 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

4- 

- 

- 

- 

4- 

4- 

4* 

- 

- 

- 

- 

12 

c 

R 

-ve 

+ 

4. 


+ 

+ 

+ 

- 

- 

4- 

- 

- 

- 

4- 

4- 

4- 

- 

- 

- 

- 

13 

Y 

R 

-ve 

+ 

+ 

■f 

+ 

+ 

+ 

- 

- 

- 

- 

- 

4- 

4- 

- 

- 

- 

- 

- 

- 

14 

Y 

R 

-ve 

+ 

•f 

+ 

+ 

+ 

+ 

- 

- 

4- 

- 


4- 

4- 

- 

- 

- 

- 

- 

- 


Table 2 Contd 
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Table 2 Contd 


15 

D 

R 

-ve 

+ 

+ 

+ 

4- 

4- 

4- - - 

4- 

- 

- 

4- 

4- 4- - 

- 

- 

16 

Y 

R 

-ve 

+ 

+ 

+ 

4- 

4“ 

4- - - 

+ 

- 

- 

4- 

- - - 

- 

- - 

17 

C 

R 

-ve 

+ 

+ 

4- 

4“ 

4- 

4- - - 

- 

4- - 

- 

4- 

- - - 


4- - 

18 

D 

R 

-ve 


+ 

•f 

4- 

4- 

4- - - 

- 

- 

4- 

4* 

- - - 

- 

- - 

19 

Y 

R 

-ve 

+ 

4- 


4- 

4" 


- 

- 

- 

4- 

- - - 

- 

- - 

20 

C 

R 

-ve 

+ 

4- 

+ 

+ 

4- 

4- - - 

- 

4- - 

- 

4- 

- - - 

4- 

4- . 

21 

C 

R 

-ve 

+ 

+ 

4- 

4- 

4- 

4- - - 

4- 

- 

- 

+ 

- - - 

- 

- . 

22 

C 

R 

-ve 

+ 

+ 

4- 

4* 

4- 

4- - - 

+ 

- 

- 

4“ 

. - - 

- 

- - 

23 

Y 

R 

-ve 

+ 

4- 

4* 

4- 

4- 

4- . - 

4- 

- 

- 

+ 

- - - 

- 

- - 

24 

Y 

R 

-ve 

4- 

4- 

4- 

4- 

4- 

4- - - 

+ 

- 

- 

4“ 

- - - 

- 

- - 

25 

C 

R 

-ve 

+ 

4- 

+ 

4- 

4* 

4- - - 

- 

4- - 

- 

+ 

- - - 

4- 

4- - 

26 

C 

R 

-ve 

+ 

4- 

4- 

4* 

+ 

4- - - 

- 

4- - 

- 

4- 

- - - 

4- 

4- - 

27 

C 

R 

-ve 

+ 

4- 

+ 

+ 

+ 

4- - - 

4- 

- 

+ 

4- 

- - - 

- 

- - 

28 

Y 

R 

-ve 


+ 

4- 

4* 

4* 

4- - - 

4- 



4- 





Mor Cha - Morphological characteristics, Cul Cha - Cultural Characteristics, a Pigment, b Shape, c 
Gram reaction, d Motility, e Fermentative, f Growth at 37°C, g Catalase, h. Oxidase, i, Gelatinase , j, 
HjjS Paper, k, Argmme, 1 Amylase, m MR, n VP, o. Indole, p. Acid from Glucose, q Acid from 
Lactose, r Acid from Sucrose, S Gas production, t n 2 S TSI, u, Simmon's citrate, v Urease, Y - Yellow, 
C - Cream, D - Dull, R - Rod 

1 V fumissi, 2 V vulnificus, 3 V vulnificus, 4 V metschmkovii, 5 V vulnificus, 6 V vulnificus, 1 V 
vulnificus, 8 V vulnificus, 9 V fumissi, 10, F metschmkovii, 11 V metschmkovii, 12 F metschmkovii, 
13 F vulnificus, 14 F vulnificus, 15 F metschmkovii, 16 F vulnificus, 17 F fumissi, 18 F 
vulnificus, 19 V fulmficus, 20 V fiimissi, 21 V vulnificus, 22 V metschmkovii, 23 V vulnificus, 24 V 
vulnificus, 25 K fumissi, 26 V fumissi, 21 V vulnificus, 2% V vulnificus 
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Table 3- Charactenstics of Aeromonads not identified upto the genomospecies level 


S No 

L/O/A 

BEH 

GAS 

VP 

A/M/S RAM 

SOR 

SOR 

SOT 

SALI 

LAC 

CU 

SOT 

CU 

MAN 

CEI 

1 

+/-/- 

+ 

+ 

+ 


- 

- 

+ 

- 

- 

- 

- 

- 

- 

2 


+ 

- 

- 

.A/+ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 

./-A 


+ 

- 

4-A/+ 

- 

- 

- 

± 

4* 

- 


± 

- 

4 

-/./± 

- 

- 

- 

.A/+ 

- 

- 

- 


+ 

+ 

+ 

- 

- 

5 

-/+/+ 

- 

- 

- 

V-/+ 

- 

- 

+ 


+ 

+ 

4- 

± 

- 

6 

-/±/± 

- 

- 

- 

.A/+ 

- 

- 

- 


+ 

+ 

- 

± 

- 

7 

+/./. 

- 

- 

- 

+AA 

- 

- 

- 

+ 

+ 

+ 

- 

± 

- 

8 

-A/- 

- 


- 

1/-/+ 

- 

- 

- 

- 

+ 

+ 

- 

- 

± 

9 

./+/+ 

- 

- 

- 

-A/+ 

- 

- 

- 



4- 

4- 

- 

- 


L/O/A, Lysine decarboxylase/onnithine decarboxylase/argmine dihydrolase, BEH Bile esculm 
hydrolysis, GAS, gas production from TSI, VP, Voges Proskauer test, A/M/S, acid jfrom arabmose/acid 
from mannitol/acid from sucrose, RAM, acid from D-Rhamnose, SOR, acid from D- sorbitol; SALI acid 
from salicm, LAC, acid from lactose, CU utilization of citrate, MAN, acid from mannose, CEL, acid 
from cellobiose, SOR SOT, acid from D-Sorbitol at SOT CU 30T, utilization of citrate at SOT 


Table 4- Confirmative Identification of bacterial isolates upto species mitially identified asAeromonas 
at generic level 


S No 

L/O/A BEH GAS 

VP A>M/S RAM 

SOR 

SOR 

SOT 

SAU LAC 

err 

err 

30°C 

MAN CEI 

1 

-/-A 

. -AA 

4- 

4- 

- 

- 

4- 

- 

4- 

2 

-AA 

- -AA 

- 

4- 

- 

- 

4- 

- 

4- 

3 

-AA 

-AA 

- 

4- 

- 

- 

4- 

“ 

± 

4 

-AA 

- -AA 

± 

4- 

- 

- 

- 

- 

« 


Table 4 Contd 
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5 


- 

-AA 

± 

± 

- 

- 

- 

- 

+ 

- 

6 

-A/. . 

- 

- -AA 

- 

- 

- 

- 

4- 

+ 

+ 

- 

7 

-AA - 

- 

- -AA 

- 

± 

- 

- 

- 

- 

+ 

- 

8 

-AA . 

- 

- -AA 

± 

- 

- 

- 

- 

- 

- 

- 

9 

.AA 

- 

- -AA 

- 

+ 

- 

- 

+ 

- 

- 

- 

10 

-AA - 

- 

- -AA 

+ 

- 

- 

- 

- 

- 

+ 

- 


L/O/A, Lysine decarboxylase/onnithine decarboxylase/argmine dihydrolase, BEH, Bile esculm 
hydrolysis, GAS, gas production from TSI, VP, Voges Proskauer test, A/M/S, acid from arabmose/acid 
from manmtol/acid from sucrose, RAM, acid from D-Rhamnose, SOR, acid from D- sorbitol, SALI, acid 
from salicm, LAC, acid from lactose, CIT, utilization of citrate, MAN, acid from mannose, CEL, acid 
from cellobiose, SOR 30®C, acid from D-Sorbitol at 30°C CIT 30®C, utilization of citrate at 30°C 

Note All the isolates were identified as Chromobactenum violaceum 
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Correlation studies in sorghum (S, bicolor (L.) 
Moench) 
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Abstract 

A set of fortyone elite genotypes of sorghum, was used for estimatmg correlation among 
fourteen morphological characters The study showed that leaf length was positively and 
sigmficantly correlated with both green fodder yield as well as dry matter yield The plant 
height was significantly and positively correlated with dry matter yield 

(Keywords correlation/sorghum) 

For proper exploitation of the available vanability the primary objectives must be 
to identify and select supenor genotypes with desirable trait from a broad array of 
breedmg matenal To accomplish this, the knowledge of mter relationship of yield and 
yield components is a prereqmsite To analyse the extent of mutual relationship 
among different characters, study of correlation coefficient would be qmte beneficial 
m formulatmg a suitable selection catena This information may be used m predicting 
the conelated response to directional selection as well as m practicmg mdirect 
selection 

The experimental matenals consisted of fortyone elite genotypes (tillering and 
non tillering types) of sorghum were grown durmg Khanf 1998 at the G B Pant 
Umversity of Agnculture and Technology, Pantnagar, m randoirazed complete block 
design with three replications Experiment was sown m a 6 row plot of 6m length with 
row to row spacmg of 25 cm and plant to plant distance of 10 cm Observation on 
fourteen characters viz , days to 50 per cent flowering, plant height (cm) number of 
leaves/plant, leaf length (cm), leaf width (cm), total leaf area (cm^), number of 
nodes/plant, mtemodal length (cm), stem diameter (cm) total soluble solids (T S S 
%), shootfly infestation (%), crude protem (%), dry matter yield (kg) and green fodder 
yield (kg) were recorded for evaluation of genotypes for mtercharacter coaelation 
The coaelation between all possible pairs of characters under study, at genotypic, 
phenotypic and environmental levels were estimated accordmg to Searle(1961). 

The mter-character coaelations at genotypic, phenotypic and environmental levels 
are presented m the Table 1 



Table I- Phenotypic, genotypic and environmental correlation coefficient among various characters in sorghum genotypes 
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At the phenotypic level, positive and significant correlation with green fodder 
yield was observed for leaf length and dry matter yield (Table 1) This was found to 
be supported by Sidhu and Mehndiratta* and Ahluwaha and Solomon^ 

The green fodder yield had negative correlation with shootfly infestation, 
protem%, and plant height The negative correlation of plant height with green fodder 
yield observed m the present study both at genotypic and phenotypic levels is m 
contrast to earlier findings (Smghania et al ^ and Bakheit'*) The contrary findings may 
be due to the different set of breedmg materials In the present study many tall 
genotypes were found to give low fodder yield as compared to those genotypes havmg 
comparatively less plant height giving high fodder yield due to better tillering abihty, 
corlq/ stem and more number of leaves per plant 

Elaborative study of results based on genotypic correlations m relation to 
phenotypic correlations, indicated that both at phenotypic as well as at genotypic 
levels, green fodder yield had significant and positive correlation with leaf length and 
dry matter yield However, dry matter yield showed positive and significant 
correlation at phenotypic and genotypic levels only with plant height 

Green fodder yield was observed to show contrasting relation with days to 50% 
flowenng at phenotypic and genotypic levels Similarly, for other mter-character 
correlations viz , number of leaves and mtemodal length, the correlation coefficient 
were observed m contrasting direction. This may be because of effect of environment 
which seems to cause either mcreasmg or reducing effect m expressing the ultunate 
correlation at phenotypic level 

For rest of other mter-character correlations, the phenotypic and genomic 
correlation coefficients, m general, did not differ m direction however, the magmtude 
was m general higher for genotypic correlation coefficient as compared to phenotypic 
coefficients This may be due to the masking role of environment m the actual 
eiqiression of characters thereby leadmg to inflated observed values of phenotypic 
correlation coefficients even with high mtensity of correlation at genotypic levels 
(Swamp and Chaugale^, Vasudeva Rao* and Panchal et aV) 

The plant height was significantly and positively correlated with dry matter yield 
while leaf width had significant and negative correlation with dry matter yield as is 
earlier reported by Bakheit"^. 

Positive association of days to 50% flowenng with plant height indicated that 
delay in flowenng mdirectly affected the expression of this character through ultunate 
mcrease m height Plants which are forced to grow taller due to delayed flowenng also 
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have increased expression of their number of leaves, number of nodes per plant, stem 
diameter, T.S.S. %, shootfly infestation and protein content, which is exhibited by the 
significant and high positive association of these characters with days to 50% 
flowering 

Since in any programme of forage sorghum improvement, the dry matter yield is 
considered more stable trait than green fodder yield, therefore, with the objective of 
improving the dry matter yield, the selection programme may be focused on selection 
of tall plant with medium thick stem and high number of long leaves Highly 
significant positive correlation of stem diameter with T.S.S. % and positive 
correlation with protein % shall also be exploited through above selection programme 
in improving t he quality of fodder in terms of palatability and nutritional values, 
simultaneously, with increased diy matter yield. 

Non significant correlation coefficient of shootfly infestation with all other 
characers except days to 50% flowering indicates that the characters taken in this 
study had little effect on imparting resistance/susceptibility to shootfly infestation. 
Significant positive correlation with days to 50% flowering is indicative of the fact 
that genotypes with late flowering (maturity) are more prone to shootfly attack 
whereas the early genot3q3es as result of escape mechanism might have shown the 
resistance/less infestation 
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